Metaphotographs: On represnting digital photo collections by Bongen, Kora A.
  
METAPHOTOGRAPHS: ON REPRESENTING DIGITAL PHOTO COLLECTIONS 
 
 
 
BY 
KORA ANN BONGEN 
 
 
 
 
THESIS 
Submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Computer Science 
in the Graduate College of the  
University of Illinois at Urbana‐Champaign, 2010 
 
 
 
   
 
Urbana, Illinois 
 
Advisor: 
      Professor Karrie Karahalios 
   
 
 
ii 
 
ABSTRACT 
Photos are an important means of sharing and reviewing personal history. As an individual 
act, photo browsing contributes to the formation and reinforcement of personal identity. As 
a social act, such as a visual aid for storytelling, it deepens social ties by introducing new 
personal information and strengthens the bonds of friendship through reminiscing over a 
shared past. While individual photographs are the primary sources of this information, 
there is information within the collection itself that tells a broader story of the 
photographed past. This story includes details about dates, people and events. It shows 
which of these reoccur within the collection and highlights prominent forces in a person’s 
life. This information is often lost or hard to find in current forms of digital photo collection 
management.  As photo collections grow larger, it will be harder and harder to see “the big 
picture.”  We present Photo Khipu, a visualization tool for photo collections as a fun and 
aesthetic way to make this information salient and enhance an individual’s story as told by 
their photographs. The visualization acts as “photo” of the collection in its ability to 
represent the story found within in a visually stimulating manner. In that way the 
visualization is a “metaphotograph.” Study participants reported that Photo Khipu allows 
them to easily “flip” through their collections. Also, despite abstracting away the thumbnail, 
goal‐directed browsing is “surprisingly easy” when a memorable color is used to represent 
the photo. Participants requested the ability to customize their metaphotographs 
suggesting a need for creation and editing tools. 
   
 
 
iii 
 
ACKNOWLEDGEMENTS 
This project would not have been possible without funding from Microsoft and the National Science 
Foundation. Thank you to Karrie Karahalios and the Social Spaces research group for their guidance 
and passion for people‐friendly technology. Additional thanks go to Brian Bailey and his research 
group for their friendship and support.  
Thank you to the members of ACM and WCS local student chapters who provided photos and 
assistance at Engineering Open House: especially Tara Roys, John Balamuta, Wit Riewrangboonya, 
and Fernanda Mendes. Special thanks to Roy Campbell for providing the plasma screen and 
supplying photos for public display. 
Thanks to Caitlin Barta for her contribution to the code and her observations of the public display. 
Thanks, also, to Andrew Harris for his observations in the study. Thanks to Ian Endres for his 
counsel regarding computer vision techniques. Thanks to Andrew Harris, Ian Endres, Erica 
Ringelspaugh and Karrie Karahalios for their comments and revisions to this thesis. 
Special thanks to Dan Schreiber: you were always an inspiration.  
Finally, thanks to my family, and Zach, for their love and support.  
   
iv  
TABLE OF CONTENTS  
 
Chapter 1: Introduction ................................................................................................................................ 1 1.1  Motivation ...............................................................................................................................................................................2 
Chapter 2: Background ................................................................................................................................. 5 2.1  The Meaning of Photos......................................................................................................................................................5 2.2  The Use and Benefits of Photograph Collections ................................................................................................5 2.3  Aesthetic Experience....................................................................................................................................................... 16 
Chapter 3: Theoretical Framework ......................................................................................................... 19 3.1  Challenges ............................................................................................................................................................................. 19 3.2  Visualization ........................................................................................................................................................................ 19 
Chapter 4: The Photo Khipu ...................................................................................................................... 29 4.1  Overview ............................................................................................................................................................................... 29 4.2  Design Evolution ............................................................................................................................................................... 30 
Chapter 5: Study ............................................................................................................................................ 41 5.1  Community Study ............................................................................................................................................................. 41 5.2  Personalized Study .......................................................................................................................................................... 48 
Chapter 6: Future Work .............................................................................................................................. 65 
Chapter 7: Conclusion ................................................................................................................................. 67 
APPENDIX A: Questionnaire ...................................................................................................................... 68 
APPENDIX B: Photo Transitions ............................................................................................................... 72 
Bibliography .................................................................................................................................................. 78   
1  
CHAPTER 1:  INTRODUCTION 
What makes a photograph valuable? Certainly not the ink and paper, or the individual bits. A photo is valued for the personal recollection induced by those bits: the captured moment and the story it tells. Photos preserve memories which “serve to integrate the various patterns around which the self is organized at different points of time” (Csikszentmihalyi & Rochberg-Halton, 1981). Photos are primarily signs of relatedness, of connection to family and friends (ibid.). When on display, these photos serve to make a statement about these social relations (Durrant, Frohlich, Sellen, & Lyons, 2009).  When photography was a rarer and more time consuming endeavor, those who had their portraits taken framed the images and placed them on prominent display. As cameras and film became affordable and ubiquitous, people began to select only a few of the ‘best’ to display in their homes, share with friends and family, and filed the rest away for later use.  Some photos were placed in albums and others in shoeboxes. Albums not only maintain the order of the collection, they are meant to be visually pleasing and form a part of the décor of the home. An album’s size is indicative of the volume of its contents. A bookshelf of photo albums sets the collection on display making its size apparent as well. The bookshelf comes to represent a lifetime’s worth of memories. Like print photographs, photo albums age. They wear down with use, and may become discolored. The passage of time held within the collection can all be seen from a glance at the bookshelf. However, placing photos in albums requires time and energy.   As these collections grew, many people were unable to keep up with management requirements which led to overflowing shoeboxes, misplaced photos and general avoidance of unmanaged home media (Balabanović, Chu, & Wolff, 2000; Kuchinsky et al., 1999). Unmanaged collections make it difficult to access and understand the context of old photos. Organization and annotations tasks become daunting, and only become more so as the collection grows.  These problems were expected to disappear with the release of the first commercially available fully digital camera, the Dycam Model 1, in 1990 (Peres, 2007). And they momentarily did, until collections began to grow even more rapidly. Digital photographs are much easier to manage than physical prints. They are easily ordered by date and thumbnails make it easy to scan collections for specific images or to review the “experience” (Rodden & Wood, 2003). However, when digital 
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photos are kept on personal computers, it removes them from the living room and from display. Partially for this reason, printed photos remain popular. Printed photographs are still widely used due to the affordances of paper that have yet to be matched in the digital realm (Whittaker & Hirschberg, 2001). While work has been done with tangibles and tabletops to bring digital photos to the living room, these devices can also hide the patterns found in the collection as a whole by focusing on viewing individual photos (Balabanović, Chu, & Wolff, 2000; Uriu, Shiratori, Hashimoto, Ishibashi, & Okude, 2009; Williamson & Brown, 2008).  1.1  MOTIVATION A photo tells a story. By capturing a moment, it can be shared, discussed and remembered. The juxtaposition of multiple photos expands that story, giving it a plot. This story is often deeply personal. We are shaped by the events in our lives; the record of personal history is an expression of identity (Csikszentmihalyi & Rochberg-Halton, 1981).  People are motivated to take, view and display photos in order to capture and share these stories.  A photo can be better understood in context (Rodden & Wood, 2003). If the story told by a photo can be considered a sentence, the addition of more photos begins to form a paragraph. A personal photo collection is a novel in which each event is a chapter in a person’s life. The larger story told by the collection gives context to each event. This context includes the relationships between photos, which reflect the relationships between the people, places, and events represented. Embedded in the whole collection is a larger history that is both personal and social. However, much of this context is hidden.  While part of the problem lies in the representation of the collection, a need for improved access to content is a contributing factor. Viewing a large collection requires time and cognitive effort. While viewing multiple photos at once can be useful for scanning the collection and saving time, it can also be distracting and detract from focusing on any one photo. Additionally, due to space constraints of typical consumer displays a large collection of photos cannot be shown all at once. Navigating to individual albums adds an additional layer of interaction, and hides the context of the entire collection.  A simple answer to this problem would be to make displays larger, but even this approach has practical limitations. Improved browsability across the collection is needed to make this context salient and create an environment for rediscovery. Spontaneous rediscovery, or serendipity, afforded by browsing is a necessary part of both reminiscing and storytelling practices (Balabanović, Chu, & Wolff, 2000).   
3  
The process of viewing photographs, reading their story and giving them meaning is a form of aesthetic experience (Csikszentmihalyi & Rochberg-Halton, 1981).  Visual design is essential to creating an artifact that tells the story of a photo collection. In addition to the “readability” of the story, careful attention must be paid to presentation and display. To effectively share and display the story a collection tells, the artifact must be both easy to use and visually appealing.  To address these challenges, this work presents Photo Khipu, an aesthetic exploratory object for the home. Intended to serve as an art piece in its own right, Photo Khipu is an abstract visual representation of photo collections that highlights patterns within the collection, making the larger story salient.  Photo Khipu is a metaphotograph - an image or photograph that represents a photo, a collection of photos, or any process related to photography. More abstractly, it is a recursive photograph. An example of this kind of metaphotograph is a photographic mosaic or photomosaic (Silvers, 1996). Within a photographic mosaic, a single image emerges from the careful arrangement of the collection. This image formed by the collection also represents the unifying content of the collection. In essence, a metaphotograph provides both an overview (Shneiderman & Kang, 2000) of the collection as a whole and the details of the individual images.  Another example, EMDialog, was a museum installation celebrating the life of artist, Emily Carr (Hinrichs, Schmidt, & Carpendale, 2008). The visualization represented the artist’s life as a cross-section of a tree trunk with important events, writings and photos accessible within the growth rings. This served as a metaphotograph of the artist’s life as witnessed by her work and writings.  
Figure 1.1: This photographic mosaic forms a seagull 
from nature photos.  
Source: Wikipedia.  
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In this thesis, we extend the concept of a metaphotograph by creating a visual image that contains collections of images that are arranged on several prescribed axes to reveal patterns that would otherwise be invisible. In contrast to photographic mosaics, Photo Khipu abstracts away the rectangular form of a photograph. By abstracting away the actual images in the overview, each individual photo does not need to compete for attention when viewed. This abstraction also highlights certain patterns such as the relationship between photos, and the social magnitude of photos within the collection. By differentiating photos by number of people, these sociable photos can quickly be found for easy sharing and storytelling. It further places photos in their context. Photo Khipu tells the story hidden in photo collections and serves as an aesthetic object for the display and sharing of that story.     
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CHAPTER 2: BACKGROUND 2.1  THE MEANING OF PHOTOS Photos embody memories. Memories remind us of who we are and serve to integrate the evolution of the self both as an individual and as a part of a greater social context (Csikszentmihalyi & Rochberg-Halton, 1981).  While photos can be an expression of personality and individuality, they more often serve as a sign of relatedness. People value photos because they represent a connection to family and friends and larger goals of family preservation and continuity (ibid.). In this way, photos play a vital role in people’s lives and psychological well-being by representing identity and connection to a greater social whole.  “People still need to know that their actions matter, that their existence forms a pattern with that of others, that they are remembered and loved, and that their individual self is part of some greater design beyond the fleeting span of mortal years” (Csikszentmihalyi & Rochberg-Halton, 1981). By representing fragments of our past, photo collections preserve the memories that add meaning to our lives.  2.2  THE USE AND BENEFITS OF PHOTOGRAPH COLLECTIONS 
2.2.1 MANAGEMENT Like any large collection of information, photograph collections require management to be useful. This management typically involves organizing the collection into coherent subgroups and annotating individual photographs as well as groups.  Both these aspects of management can be largely automated, while still giving the user full control.  
Organization The process of organizing a collection groups similar photos together and gives both the groups and the photos a set order within the collection.  “Organisation involves effort, and the main motivation for doing it is not that it facilitates searching, but that it results in an attractive presentation of the best photos, for showing to other people, and then keeping as part of a family archive” (Rodden & Wood, 2003).  With nondigital photographs, this grouping may occur naturally, for example photos from the same roll of film. Photo albums provide a way for people to designate a set of photos as a group and place them in a particular order. Scrapbooking is a similar process that places stronger emphasis on 
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visual layout. Both of these processes are time consuming, however, and photographs that either are “waiting” or are “not good enough” to be placed in albums are often kept in envelopes in shoeboxes or drawers. No matter how the photos are stored, it is easy for photos to be moved out of place and the organization structure to become lost. Digital photos are much easier to manage than nondigital ones (Shneiderman & Kang, 2000a), largely due to the fact that simply presenting the photos in chronological order and roughly grouped by event “feels more organized” (Rodden & Wood, 2003). Most modern software automates the management process by separating photos by date or event. It is well known that time is essential for browsing photo libraries (Graham, Garcia-Molina, Paepcke, & Winograd, 2002). Chronological order aids search because it is easy to remember where events fall on a timeline relative to each other than it is to remember date and time (Lansdale & Edmonds, 1992).  
Annotation People commonly annotate photo prints by writing a description on the back (Rodden & Wood, 2003). This typically includes names, places, and dates relevant to the photo. Some simply annotate a group of photos by writing a broad title and date on the album or envelope where the photos are stored. Many photo albums and scrapbooks provide space for annotation.  There are many strong arguments for automating the annotation process: “The bigger a collection gets, of course, the longer it will take to annotate all of the photos. In any case, most of the participants said that they would only ever want to annotate some of their photos, and that doing it for the whole collection would not be worth the effort” (Rodden & Wood, 2003). Automated annotation relieves this burden, and improves access to photos. Annotation can be automated by image analysis and additional metadata that takes advantage of such details as color, visual content, camera information, date and geotagging (Adams, Phung, & Venkatesh, 2006; Cooper, Foote, Girgensohn, & Wilcox, 2005; Davis et al., 2006; Jaffe, Naaman, Tassa, & Davis, 2006; Naaman, Harada, Wang, Garcia-Molina, & Paepcke, 2004; Qamra & Chang, 2007; Sinha & Jain, 2008). Computer vision techniques are now being used to recognize people throughout the collection in commercial applications such as iPhoto1 (figure 2.1) and Picasa2
                                                             1 http://www.apple.com/ilife/iphoto/ 
 (figure 2.2). Photographs linked to a location now make it possible to follow the photographer’s footsteps as he traverses a city. Both iPhoto and Picasa support this view.  
2 http://picasa.google.com/ 
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Automation is unlikely to fully replace manual annotation by which users add context and storytelling elements to their photos. This is accomplished through tagging, captions, naming, and/or audio tags (Ames & Naaman, 2007; Frohlich & Fennell, 2007; Martin & Gaver, 2000). Studies of Flickr have found that tagging is more highly motivated by social factors than by personal/organizations ones (Ames & Naaman, 2007). However, these factors are largely influenced by the system (Marlow, Naaman, Boyd, & Davis, 2006). Somewhat ironically, it is often difficult to manage a large number of tags and recognize relationships between them, especially when dealing with public collections. Schmitz proposes a tag subsumption model to manage the overabundance of Flickr tags (Schmitz, 2006). User-specified relations combined with tags provide a better source for learning folksonomies (Plangprasopchok & Lerman, 2009). Drag-and-drop systems facilitate the tagging or labeling process (Shneiderman & Kang, 2000b). Suggesting relevant tags at time of capture also makes the process easier and increases tagging activity (Ames & Naaman, 2007). An alternate approach is to “eavesdrop on storytelling” by transcribing and producing keywords while users are in the process of storytelling (Fleck, 2004).  
2.2.2 RETRIEVAL  Photos are generally retrieved from a collection either by browsing or search. These have two very distinct purposes, but are often used in conjunction. Search is used strictly to accomplish a specific goal, and much research is devoted to facilitating that task. The term browsing is most often used in reference to visual scanning or perusing the collection.  It can also be used to refer to goal-directed scanning, which is a common method for finding an image (Kirk, Sellen, Rother, & Wood, 2006).  
Search The searching of a photograph collection may involve various search criteria and ways of searching. A photo from a personal collection is likely to represent any or all of the following: people, an event, 
Figure 2.1: iPhoto screenshot.  Figure 2.2: Picasa screenshot. 
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a location, or an object. Since most photos are organized by event and these groupings are in chronological order, search by event is fairly trivial. Current commercial photo management systems such as iPhoto or Picasa augment people tagging in photos with face recognition algorithms. More and more cameras now, especially those within cell phones, have access to a Global Positioning System and thus now mark images with a “geotag” as well as a timestamp.  Location-based search allows people to search for a place and find all the photos that have been uploaded in that area (see figure 2.3). While there have been many advances in object recognition (Felzenszwalb, Girshick, McAllester, & Ramanan, 2009), it is unknown whether it will be found useful in personal photo collections.   Since photos can be named, tagged or annotated in some fashion, the collection can be indexed and searched by keyword.  Additionally, some systems support content-based image retrieval where users can search for photos that are visually similar to the selected photo or just to a drawing of that photo (Datta, Joshi, Li, & Wang, 2008; Rodden & Wood, 2003). TinEye3
Search is particularly important when dealing with public photo collections. Google Image Search allows users to find images from all areas of the web. Flickr
 provides this functionality as a “reverse image search engine.”  
4
Browsing 
 (figure 2.4) uses a tagging system to facilitate search and subsequent browsing of its community collection.  
While search has a higher importance in the workplace due to the need to “complete a task”, at home, browsing plays a larger role (Kirk, Sellen, Rother, & Wood, 2006). Although people may need 
                                                             3 http://www.tineye.com/ 4 http://www.flickr.com/ 
Figure 2.4: Flickr screenshot. The photostream appears 
on the right giving a linear progression of the photo set. 
A tag list appears on lower right.  
Figure 2.3: Screenshot of Picasa’s webalbum interface. Both 
desktop and web interfaces display a map of album locations.   
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to quickly search for and find a particular photo in the home setting, most interactions with photo collections at home is more “wandering,” thus allowing for serendipity (Kuchinsky et al., 1999). Browsing allows a person to survey her photo collection, often finding new tangents to explore. This is necessary to support sharing and storytelling (Balabanović, Chu, & Wolff, 2000).  Additionally, browsing can often be used to find a particular photo: “people are familiar with their own photos, these facilities are usually enough to allow them to find what they are looking for simply by browsing” (Rodden & Wood, 2003). In large collections, people often limit their browsing to recent photos. This keeps the task manageable, but also reduces the likelihood of serendipity.  There has been much work exploring different ways of representing the collection to facilitate browsing. One ubiquitous approach involves a simple list of thumbnails in chronological order. As discussed earlier, organizing photos by time has long been known to facilitate browsing. Rodden and Wood found that the two most important features for browsing were “automatically sorting photos in chronological order, and displaying a large number of thumbnails at once.” Both of which are very easy to provide. The numerous ways in which visualization has been used to support browsing will be addressed in the next chapter.  
2.2.3 EDITING Editing photographs happens at various stages and largely in preparation for photo sharing (Kirk, Sellen, Rother, & Wood, 2006). Since it is easy to take multiple pictures at a time, users often end up with multiple similar images. The first editing stage happens at the camera, where blurry or “bad” photos are deleted. Pruning the collection removes photos that are unremarkable or not worth viewing. Since photos are also a form of self expression and performance, people also delete photos that make them look “bad” (Kirk, Sellen, Rother, & Wood, 2006; Van House, 2009).   Although some cameras have basic editing features, often detailed editing occurs when the photos have been transferred to the computer and are being prepared for sharing. People edit photos to make the photo more presentable, fix glitches, and exercise control over the telling of the story. This can include fixing glare, reducing red-eye, or adjusting brightness. In addition to achieve visual balance, cropping a photo selects which details of the photo are important, thus shifting the focus. Changing a photo to black-and-white, changes the mood and feel of the photo. In this way, editing is a form of altering what a photo “says” and creating new memories (Jung & Connelly, 2007). 
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While most photo management tools provide some form of photo editing such as red-eye reduction or adjusting the lighting, more advanced edits take place in separate tools such as Photoshop5, GIMP6 or Lightroom7
2.2.4 SHARING 
.  
Photoware needs to support sharing activities. People primarily take photos in order to share them (Kirk, Sellen, Rother, & Wood, 2006). Even when photos are used as reminders of the past, this occurs “usually within the context of some other social activity, which can add further layers of meaning and memory to the photos” (Frohlich, Kuchinsky, Pering, Don, & Ariss, 2002). Sharing practices and their importance are documented extensively in (Lindley, Durrant, Kirk, & Taylor, 2009; Van House, 2009). Beyond collocated sharing, the postal system, e-mail, photo-sharing websites and social networks such as Facebook8
Sharing practices fall into the realm of three broad themes: reflection and rememberance, performativity and expression, and connection and communication (Lindley, Durrant, Kirk, & Taylor, 2009). Suggestions to improve technology design to support sharing include improving access to content and browsability(Van House, 2009), both of which may be possible through visualization.  
 (see figure 2.5) provide a way to share photos with remote family and friends.  
                                                             5 http://www.photoshop.com/ 6 http://www.gimp.org/ 7 http://www.adobe.com/products/photoshoplightroom/ 8 http://www.facebook.com/ 
Figure 2.5: Social networking sites like Facebook allow people to easily 
share photos with friends.  
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 “Human beings narrate to remember, instill cultural knowledge, grapple 
with a problem, rethink the status quo, soothe, empathize, inspire, speculate, 
justify a position, dispute, tattle, evaluate one’s own and other’s identities, 
shame, tease, laud, and entertain, among other ends” (Ochs & Capps, 2001). 
The Importance of Stories While a story may be told to explain a particular photo, the act of photo sharing is really a specialized form of storytelling. Stories are vital social instruments (Ochs & Capps, 2001). Besides providing entertainment, stories strengthen social ties, help develop a sense of identity, and convey social and practical information. Across generations, stories are used to pass down cultural heritage and values, along with the knowledge required to succeed in each stage of life.   
Stories in Photos An individual image has a story to tell, with or without a storyteller. Humans have long used images to convey information and tell stories. Visual artists rely on our shared understanding of a visual language in order to do their work.  This visual language is not limited to world-renown paintings like the Mona Lisa, but occurs in all visual communication forms – even ‘amateur’ photography. Comic book artist, Scott McCloud, defines art: “Art, as I see it, is any human activity which doesn’t grow out of either of our species’ two basic instincts: survival and reproduction!” (McCloud, 1994). Csikszentmihalyi and Rochberg-Halton agree: “It is important to mention that aesthetic experience may range from the most extraordinary and ecstatic to the most simple and humble” (Csikszentmihalyi & Rochberg-Halton, 1981). By this definition, when a person interacts with their own photographs, they are engaging in art.   If amateur photography is a very personal form of visual art, then photograph collections are very personal comics. Regardless of differences between artistic intent and skill, comics can still provide some insight into how people “read” stories in a photo collection.  Comics, or sequential art, juxtapose individual moments captured in a combination of images and text. It is up to the reader to interpret the moments individually and then link them mentally to form an understanding of the progression of the story. This phenomenon of observing the parts but perceiving the whole is called closure. “Comics fracture both time and space, offering a jagged, staccato rhythm of unconnected moments, but closure allows us to connect these moments and mentally construct a continuous, unified reality” (McCloud, 1994).  The phenomenon of closure is not limited to sequential art, but is 
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an essential part of daily life. As McCloud points out, “Even the most widely travelled mind can only see so much of the world in the course of a life. Our perception of ‘reality’ is an act of faith, based on fragments”.  Essentially the juxtaposition of two images is capable of conveying a story or simply a mood (see Appendix B). They may present a series of actions or multiple scenes. The images could be separated by minutes or years, meters or continents, but they still tell a story. The pictures can tell the story of a single event, or the course of a year or even a lifetime. Of course these stories make most sense when in chronological order and viewed in a linear fashion. It is not then surprising that people prefer to view their photos in chronological order. The efficacy of sequential photos to tell a story is the basis of photo album and scrapbook use.   
Sharing and Participation Sharing photos and telling stories is an active pastime: all involved must participate. Those who observed photo-sharing and storytelling, note that the process includes print photos or photo albums being passed back and forth between observer(s) and teller. Balabanović et al found that “sharing photos requires that control pass easily from one user to another” (Balabanović, Chu, & Wolff, 2000).  Therefore, tools meant to facilitate photo-sharing should allow for shared control. This principle is found in many tangible and tabletop devices for photo-sharing.   The Family Archive is a tabletop device that encourages family collaboration in the archival process (Kirk et al., 2010). While they found that the archival process itself is asynchronous, families did become more involved in archival. The nature of this tabletop device encouraged a more playful approach to archival because it allowed many forms of content to be scanned in (i.e. physical objects) and provided playful means of interacting with them.  
Display 
In the Home The home is a shelter and a place of comfort, a place for social interaction and solitude. “It is a world in which a person can create a material environment that embodies what he or she considers significant” (Csikszentmihalyi & Rochberg-Halton, 1981). Through the home, inhabitants communicate who they are to themselves and others. Objects in the home serve as signs of self or community, action or contemplation (ibid.). Differences between age and gender correspond to the valuation of different kinds of objects. Youth tend to value objects that signify individuality and action (ibid.). As people age, they value objects that signify community and contemplation. People 
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value and display photographs for their ability to communicate these aspects identity. Families display photos to present an image of family unity and express the individuality of its members (Durrant, Frohlich, Sellen, & Lyons, 2009). Parents, particularly mothers choose photos that represent a happy and integrated family (ibid.) (see figures 2.6 and 2.7). Teenagers, however, prefer to use their photo displays to express their individuality (ibid.) (see figure 2.8).  Displays “alter the ‘personality’ of a house” (Csikszentmihalyi & Rochberg-Halton, 1981) and are a key component to the process that converts a physical structure into a “home”.    Social conventions and moral obligation somewhat dictate which photos are chosen for display in the common areas of the home (Durrant, Frohlich, Sellen, & Lyons, 2009; Swan & Taylor, 2008). Families display annual school photos and photos from graduations, weddings and births to meet social expectations. There is also pressure to represent each family member equally. Parents display an equal number of photos for each child to show inclusiveness and not create familial conflict. Additionally, people filter photos that are not deemed appropriate for public display. In this way, people use displays to control the family image.  Aside from social conventions, pride plays a role in the selection of photos for display. People choose photos that make them feel proud of their appearance, their photography skills or simply their children (Durrant, Frohlich, Sellen, & Lyons, 2009).  The manner of display affects the perception and meaning of photos (Swan & Taylor, 2008). Displays have a variety of properties, all of which work together to express “ideas of home and family” (ibid.). A frame gives a photo stability and permanence. Frames can also imply authenticity and quality (Csikszentmihalyi & Robinson, 1991). Conversely, unframed photos appear transient.  
Figure 2.6: Two shelf displays of framed photos. The photo on the right depicts a shelf located centrally in the main room of 
the house, above the television. This shelf is dedicated to photographs and mementos. The second picture shows a bookshelf 
located in the entry-way of a home that contains a mix of photo albums and framed photos.  
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Large displays demand attention and sometimes awe (Csikszentmihalyi & Robinson, 1991; Swan & Taylor, 2008).  The location of the display determines its intended audience (Durrant, Frohlich, Sellen, & Lyons, 2009; Swan & Taylor, 2008). Photos displayed in the living room or commons area of the house are meant to be seen by guests and serve as a semi-public display. Certain rooms or floors of a house are only open to guests upon invitation, and photos displayed here are on display for the family itself. These photos evoke memories when encountered by the family as they move about the house (Swan & Taylor, 2008).  Location of display also serves as a reflection of the social organization of the home. Durrant et al. (2009) found that mothers reserved control over photo displays in public areas of the house while teenagers’ photo displays were allocated to their private bedrooms.   
Digital Photo Displays Interfaces for the home should be simple, social, ethical and beautiful (Monk, 2008). Simplicity is essential because people are often unwilling to expend cognitive effort in the home. Homes host many social activities such as storytelling and photo sharing. UIs for the home should augment these activities. Home technologies should be sensitive to privacy concerns and moral obligations. 
Figure 2.7: Photo displays in the hallway that 
connects the children’s bedrooms. These photos 
depict the family in different stages as the children 
grew.  
Figure 2.8: Display in grown son’s bedroom. The display 
includes photos from family and friends, but primarily 
depicts the son’s participation in sports teams. 
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Finally, these interfaces should be beautiful. Homes reflect the people who live within, and thus interfaces made for the home should cater to the tastes and values of those people.  Digital photo frames provide a simple slide show of images. Like traditional frames, users interact with the photos passively.. Kim and Zimmerman promote smart digital photo frames that allow editing and annotating activities to take place at the frame and cater to the context of a particular event and the individuals present (Kim & Zimmerman, 2006). One issue occurred with switching photos on display for different contexts: “Issues of sincerity and appropriateness were discovered as the system or the user changed digital photos for display. If a person does not have a relative’s photo displayed regularly, but changes only when the relative visits, it seemed to make the user insincere. This also suggests that people view the digital photos as less permanent” (Kim & Zimmerman, 2006). Leafing through a photo album together is a much more active sharing experience than viewing framed photos. This activity extends to digital devices such as tangibles and tabletops which similarly emphasize group interaction and conversation (Moghaddam, Tian, Lesh, Shen, & Huang, 2001). These devices support shared control (Balabanović, Chu, & Wolff, 2000), serendipity (Williamson & Brown, 2008), and integration of personal photo collections (Uriu, Shiratori, Hashimoto, Ishibashi, & Okude, 2009).  
Social Spaces Outside the home, photos are often displayed in the public sphere. From museum exhibits to sculptures such as Chicago’s Crown Fountain9
                                                             9 http://www.millenniumpark.org/artandarchitecture/crown_fountain.html 
 (see figure 2.6) to public photo sharing sites like Flickr, public photo collections tell community stories, and serve as social catalysts (Karahalios & Donath, 2004). Photo display in the public sphere has different requirements than the home. Public collections are usually filtered to be appropriate for public viewing.  This entails both eliminating private content, and ensuring content will be of interest to the public. As in the home, the location and nature of the display affects how people will react to it.  
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Regardless of the location of the display, be it the home or social space, aesthetics influence the use and value of the display. The next section will discuss the aesthetic experience and the role it plays in the transaction between people and photos.   2.3  AESTHETIC EXPERIENCE At the beginning of this chapter, I discussed the meaning of photographs and their role in signifying identity. The aesthetic experience is closely related to the process by which objects gain meaning: the transaction that occurs between person and object (Csikszentmihalyi & Rochberg-Halton, 1981). Aesthetic experience is “an intense involvement of attention in response to a visual stimulus, for no other reason than to sustain the interaction” (Csikszentmihalyi & Robinson, 1991). This kind of autotelic activity is broadly known as flow (ibid.).  Although the purpose of art is to evoke an aesthetic experience, this experience is not limited to art; “aesthetic experiences may range from the most extraordinary to the most simple and humble” (Csikszentmihalyi & Rochberg-Halton, 1981). An aesthetic experience can occur when viewing and contemplating a Picasso. It can also occur by viewing a photograph, and contemplating the memories it represents. Photos themselves can be aesthetic objects.  The structure of the aesthetic experience involves deep concentration and a “conversation” with the object (Csikszentmihalyi & Robinson, 1991). This conversation is based on the balance between the challenges posed by the object and the skills of the viewer. A feeling of wholeness or satisfaction completes the experience. The experience grows and changes each time the viewer revisits the object as their skills change and are able to address newfound challenges. These challenges appear 
Figure 2.9: The Crown Fountain in Millennium Park displays 
images of 1,000 Chicago residents.  
Spanish artist Jaume Plensa designed the piece. 
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in the formal structure of the work, the emotional impact, the intellectual references it carries and/or its communicative possibilities (ibid.).  Specifically the aesthetic experience engenders four kinds of responses to the aesthetic object: perceptual, emotional, intellectual and communicative (ibid.). The perceptual response is purely visual. It reacts to the balance, form and harmony within the work. The emotional response to the content arises from personal associations. The intellectual response looks at the theoretical, historical, and biographical ideas and concepts portrayed. Finally the communicative response comes from a desire to relate to the artist as well as the artist’s time and culture.  The work itself mediates the conversation and tells at least some aspect of the artist’s story. In the case of personal photographs, this communication occurs in reference to the people represented in the photo and the author of the photograph. Only the perceptual and communicative responses are unique to the aesthetic experience. Both the emotional and intellectual responses are found in the larger phenomenon of flow (ibid.).  As discussed in the section on display, the environment of an object affects the aesthetic experience. A monumental environment, as well as a monumental object, inspires awe and fear, while a human sized environment is more comfortable. The experience is facilitated in an environment that highlights the object and screens out distractions (ibid.). While blank, clean walls avoid all external distractions, they can force an individual to focus too much on the self (ibid.).  Additionally, as a copy of the Mona Lisa is never as highly regarded as the original, authenticity is important for an aesthetic object (ibid.). This authenticity can be seen and appreciated in the reality or “presence” of the object and can be seen in the texture of the paint or the smell of the frame (ibid.).  Once again, this reflects the finding that people value tangibility when displaying photographs (Durrant, Frohlich, Sellen, & Lyons, 2009; Swan & Taylor, 2008). 
2.3.1 IMPLICATIONS FOR METAPHOTOGRAPH DESIGN If valued photos are aesthetic objects in the home, then a metaphotograph should be as well. To do so it must attract attention by containing a set of visual challenges. These challenges must match the skills of the viewers. A metaphotograph should present the photo collection in a way that intrigues and invites interaction, but is also accessible and understandable.  The aesthetic object has “a balance and harmony of form” and its workmanship must be “well done” (Csikszentmihalyi & Robinson, 1991). The metaphotograph must also have these properties.  
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Since individual skills and tastes vary widely, the aesthetic experience is not the same for all. This implies that there can be no universal metaphotograph. There needs to be variations in visual design.  Finally, it is apparent that properties of the display and its intended environment must be considered in the design. Aesthetic objects are authentic and tangible. The metaphotograph must work to bring a sense of tangibility to digital photo collections.  
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CHAPTER 3: THEORETICAL FRAMEWORK 3.1  CHALLENGES Personal photographs and videos offer fragmentary hints and clues about a person’s life. These photos contain within them the appearance of that person at each moment, as well as the appearance of their friends and family and anything which they held dear.  The photographed moments or subjects often hold meaning. Ignoring the case when a button is accidentally pushed and a photograph taken, most pictures are taken with intent – and that in itself is interesting.  The challenge in creating a metaphotograph lies in its ability to capture that story in way that encourages browsing and discovery. It should also be an aesthetic object – well made and visually pleasing – that is worthy of being displayed in the home. This chapter discusses visual design and various photo collection visualizations in order to inform the design of a metaphotograph.  3.2  VISUALIZATION Information visualization is a tool for making data quickly and easily understood. Like any other image, it is a form of communication. It tells a story. And it can lie (Tufte, 2001). The goal of the metaphotograph is to create an interesting and visually appealing representation of a photo collection. While this representation should be understandable, it should not be so intuitive that it is boring. It should invite discovery and reveal something new each time it is viewed. Also, the visualization should truthfully represent the photo collection. However, this does not necessarily require accuracy. Certain aspects of the collection can be ignored or abstracted away to better emphasize other aspects.  
3.2.1 VISUALIZATION DESIGN Simplicity is the mark of excellence in many areas of life. A “beautiful” mathematical proof is one whose clarity of logic is reflected in its simplicity, even though the concepts involved are quite complex. In the same way, simplicity in visual design does not mean that only the simplest forms and colors are used, but rather that the work achieves a clarity through which the complex is made simple. Arnheim describes it in this way: “When a work of art is praised for ‘having simplicity’,  it is understood to organize a wealth of meaning and form in an overall structure that clearly defines the place and function for every detail in the whole” (Arnheim, 1969). Thus, a visual design is made simple “when it organizes a complex material with the smallest possible number of features” (ibid.).  
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In order to design a metaphotograph that clearly and beautifully communicates the story within a photo collection, one must consider the relationship between different visual elements and perception.  
Color Along with shape, color helps distinguish elements of a visualization (Arnheim, 1969). However, while shape is a “more efficient means of communication”, color is more expressive (ibid.). The use of color can influence the mood of a visualization.  Color is complex and can affect a visualization in unexpected ways. There are a limited number of distinguishable colors. About 200 shades of grey and 150 hues are distinguishable (Arnheim, 1969). Limiting the number of colors in a visualization will make it more comprehensible (ibid.). When using color to encode abstract information “more than 20 or 30 colors frequently produce not diminishing, but negative returns” (Tufte, 1990). This implies that if a visualization uses color to encode photo tags, it should only color the twenty most popular tags and use a unifying “other” color for all subsequent tags.  Color is three dimensional in every system of color organization (i.e. hue-saturation-brightness, red-green-blue, cyan-magenta-yellow). This gives three possible dimensions for encoding information. But these dimensions are not equal. Saturation and brightness are better for encoding scales or linear gradations than hue (Tufte, 1990).  The passage of time could be represented in this way. Keeping at least one of the color dimensions constant reduces complexity. By limiting the number of perceptual values, a color composition gains a comprehensible form (Arnheim, 1969).  Colors also are influenced by the colors around them (see figure 3.1). Background colors affect the perception of the colors in the foreground by subtracting its own color from them (Tufte, 1990). Background colors should be muted or mixed with grey to reduce this effect (Imhof, 2007). Additionally, pure, bright, or strong colors should be used in moderation (ibid.).  In visualization, bright colors against a muted background can harmoniously “highlight and italicize” data (Tufte, 
Figure 3.1: The two green squares are identical. 
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1990).   
Grouping Various signals can be used to signify groupings and relationships of visual elements (Arnheim, 1969). The principle of similarity governs this phenomenon. It asserts that “the degree to which parts of a pattern resemble each other in some perceptual quality will help determine the degree to which they are seen as belonging together” (ibid.). People perceive that visual elements “belong together” based on their similarity of size, shape, brightness or color, location or spatial orientation (ibid.). It may prove useful to use any one of these groupings to distinguish which photos belong to which album in a metaphotograph.   
Abstraction In 2004, Karahalios and Donath explored the design and social effects of placing an audio/video link between two public spaces.  They sought to create a social catalyst, something that initiates and creates “mutual involvement for people to engage in conversation.”  Initially this audio/video link, called Telemurals, was simply a straight audio/video feed between the two spaces.  In addition to the common problems with video conferencing such as the misalignment of gaze, they found that people often avoided Telemurals in order to maintain privacy. To assuage these privacy concerns, they abstracted the video stream to look comic-like and less photorealistic.  Eventually, Telemurals became a system where people were initially displayed on the wall as mere outlines and became more detailed as they interacted.  Audio was processed and displayed like graffiti on the wall – the technological deficiencies of language processing became a sort of comic relief. The abstraction encouraged interaction.  
Telemurals is a key example of the power of abstraction in design. Abstraction hides details in order to maintain privacy (i.e. for the people) or simply hide technological flaws (i.e. problems with gaze).  Of course, abstraction is not without its difficulties.  As Karahalios and Donath noted, the abstracted version of the wall required signage to make its purpose and features apparent.  Many people did not realize there was an audio link between the spaces.  Abstraction requires some familiarity with what is being abstracted in order to be useful. 
3.2.2 PHOTO COLLECTION METADATA In order to construct a meaningful visualization, we must first consider the kinds of metadata associated with photo collections.  
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Visual Elements of a Photo Without any other metadata, image analysis can provide some hints about the content of the collection. Color histograms provide a measurement of the distribution of colors within an image. Face detection can be used simply to “find” people within an image. Other computer vision techniques can be used to identify objects or assess image quality. These methods, however, have their limitations.  An alternate approach is to visualize the individual images. One example of this is Luscious by Viégas and Wattenberg. By representing the distribution of colors in professional photos, Luscious identifies "peaks" of color within a photo (Viégas & Wattenberg, 2010).  In this way, Luscious abstracts away content in order to highlight the color play within the image.  Abstraction can be a useful tool for hiding certain details in order to emphasize others (Karahalios & Donath, 2004; McCloud, 1994).  Using the custom “peak” algorithm from Luscious, Viégas and Wattenberg analyzed over 1,200 Flickr images to create a visualization that shows seasonal flows of color (Viégas & Wattenberg, 2009). By hiding the details of the individual photos, the changing colors through the seasons are made apparent. Similarly, video frames can be blended together to illustrate the flow of a scene (Davis, 1995).    
Figure 3.2: Windows explorer for Windows 7 displaying 
contents of the Pictures folder arranged by month. Three 
images are chosen to represent each month. The actual 
number of photos in each month is available in the tooltip.  
Figure 3.3: Historypin overlays historical images over 
their modern locations.   
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Time The most important metadata associated with photos is time. This information gives the collection an understandable order and allows for quick browsing and search. Since all digital cameras timestamp images this information is also easily accessible (figure 3.2).  From the timestamps, additional metadata can be generated. Graham et al. present an algorithm for selecting representative photos for a specific time period within a collection for the creation of meaningful summaries (Graham, Garcia-Molina, Paepcke, & Winograd, 2002). Cooper et al. use temporal order and visual content to group photos by event (Cooper, Foote, Girgensohn, & Wilcox, 2005). However, in public photo collections, additional metadata is required before time-based summaries can be created (Nair, Reid, & Davis, 2005).  
Location As cameraphones create better quality images and more cameras are equipped with GPS information, more and more photos will have location metadata. Location information has often been used to visualize both private and public photo collections (Jaffe, Naaman, Tassa, & Davis, 2006). This information is perhaps more widely used than time to represent photos in the public sphere due to its usefulness in highlighting important locations and landmarks (Qamra & Chang, 2007).  Location has even been used to highlight tourist activity (Girardin, Calabrese, Fiore, Ratti, & Blat, 2008) and separate tourist photo habits from local ones (Fischer, 2010). The site, Historypin10, uses Google Street View11
Social 
 to overlay historical images over their modern locations illustrating how a place changes over time (figure 3.3).  
Social information can range from simply who is in the photo to social network information embedded throughout the collection. Social information may come from tags and other forms of manual annotation, however, this information can be somewhat automated. Facial recognition algorithms can be used to find and tag individuals throughout collection, but often user input is needed to identify individuals and then verify potential matches found by the algorithm. This approach is used in commercial photoware such as Picasa.  Facebook allows users to take advantage of their social network for annotating photos. A user can upload a photo album and their friends can tag the people in the photos. Not only does this                                                              10 http://www.historypin.com/ 11 http://maps.google.com/streetview 
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approach divide the work, but it allows for more accurate tagging since the user may not remember the name of a person he just met at an event, but perhaps his friend will. One the other hand, friends can request to not be tagged in photos due to privacy concerns.  Other systems such as MMM2 gather social information such as who took the pictures, who was nearby (via Bluetooth), and to whom the pictures were sent (Davis et al., 2006). This information is then used to augment facial recognition algorithms.  Adams et al present algorithms for identifying socially significant locations or social spheres in multimedia collections (Adams, Phung, & Venkatesh, 2006). They label locations as Home, Work or Other. The work seeks to go beyond an individual user by identifying shared social spaces and analyzing tie-strength. The results of their analysis are made available in their Socio-Graph browser. Socio-Graph “is a multi-user spatio-temporal browser with the ability to render images, video, and movies […] in a unified environment, and filter media items on time, position, labeled significant place, shared places, presence of actor, and social tie strength” (Adams, Phung, & Venkatesh, 2006). 
Context Context refers to a synthesis of information that lies outside time and date information alone. This can refer to events or locations such as Spring Break or Grandma’s House which provide a more meaningful label to the user than “2005_03_24”.  Context can be manually added to a photo collection in the form of tags, labels, captions, naming schemes, etc.  Techniques for triangulating across different kinds of metadata augment automatic annotation (Davis et al., 2006; Davis, King, Good, & Sarvas, 2004) . Given location and time, weather information can easily be gathered from the web (Naaman, Harada, Wang, Garcia-Molina, & Paepcke, 2004). When dealing with photos from a large number of authors both time and location are necessary for identifying individual events. These events are further understood when social information is added allowing for images to be marked for relevance to a particular user. This context-based technique without any image analysis often out performs image analysis alone (Davis et al., 2006).  
Collection Data Metadata about the collection itself has received little consideration, and thus its importance is not well understood. Various photo representations use a stacked photo metaphor to show collection and album size (Kules, Kang, Plaisant, Rose, & Shneiderman, 2004). These stacks portray 
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information about the size of each group at a glance but are harder to manipulate spatially. Camera setting information might say something about the user as a photographer, or it may simply be an instructional tool for the improvement of photography skills.  Photos marked as “favorites” are important to consider, especially within the context of the collection. Similarly, photos that have been significantly edited or altered could be of interest as the extra work applied may give them a special value.  Collection organizational structure may also be of interest. While it is typical and sufficient for digital photographs to be organized linearly by date, it is also possible that the photos could be organized in a more hierarchical structure, where, for example, photos from a week-long vacation are all grouped together, but are also placed in sub-groups by date or location. Since a user will likely be familiar with how his collection is organized, structuring a visualization in the same way will add familiarity. 
3.2.3 MEANINGFUL LAYOUTS Various visualizations have been used to browse photo collections. Many different layouts have been proposed. Below is a quick summary of some of these layouts and their advantages as well as disadvantages.  
Clustering Layouts FotoFile used a hyperbolic tree to separate photos of different people within the collection (Kuchinsky et al., 1999). Visually similar images were clustered closer together in the visualization.  PhotoFinder offered a customizable scatterplot for viewing images (Shneiderman & Kang, 2000). Axes could be chosen from any of the available metadata from the images such as number of people versus the rating of the photo. PhotoLOI used a scatterplot, not for viewing images, but for finding patterns in public photo collections (Nair, Reid, & Davis, 2005).  Bi-Level Radial Quantum Layouts feature a central photo with related photos appearing in groups around or next to the primary photo (Kustanowitz & Shneiderman, 2005). The secondary groups are chosen because they share a tag or some metadata with the primary photo. In this way this layout is meant for following a particular theme or story, but not necessarily representing the entire collection.    
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Time Based Layouts 
Collections by Viégas allowed users to browse photos along a timeline with photos taken close in time were clustered together (Viégas, 2000). Users could scroll horizontally to view the whole collection.  Personal Digital Historian presented photos stacked on top of each other along a timeline as in a histogram in its “when view” (Shen, Vernier, Frost, & Forlines, 2002). Graham et al developed a Calendar Browser that uses representative photos to give a sense of personal history as seen through a calendar (Graham, Garcia-Molina, Paepcke, & Winograd, 2002). The calendar is zoomable so the user can look across years, months, weeks, days or just the photos from one day. They developed the Hierarchical Browser with feedback from informal studies of the Calendar Browser. The second browser contains a tree widget of the file system’s structure and allows users to zoom into groups of photos that are smaller than one day. Both browsers were an improvement on a strictly linear, scrollable browser.  Photohelix uses a spiral calendar on a tabletop to visualize the collection (Hilliges & Kirk, 2009). PhotoArcs allows users to create “arcs” or stories with their photos (Ames & Manguy, 2006). These arcs allow stories to cross or have tangents when a single photo appears in two or more stories. Additionally, since PhotoArcs uses photos from Flickr, a web-service for photo sharing, story arcs can also be shared. This allows two concurrent stories from different people to be visible together on the timeline.  PhotoArcs also uses a physics simulation to give the arcs an organic feel.  
Location Based Layouts Personal Digital Historian presented photos placed on a map in its “where view” (Shen, Vernier, Frost, & Forlines, 2002). This kind of layout is also available in Google Maps and Picasa. As more cameras have GPS capabilities, or more people begin to use cameraphones, this kind of visualization will likely become more common.   Like many other visualizations for photo collections, one potential problem with map-based visualizations is that map becomes easily cluttered with overlapping photographs. Jaffe et al use clustering and ranking to create Tag Maps: a location based summary of public photo collections (Jaffe, Naaman, Tassa, & Davis, 2006). They define a summary as a subset of images that “captures representativeness, relevance, and breadth in the original collection.  Tag Maps identifies a reasonable subset using the following metadata attributes: location, time, photographer, tags, 
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quality and relevance. Relevance is ranked with respect to the needs of a particular user. This summary is then visualized in a map based tag cloud. This visualization also supports semantic zoom.  
Semantic Zoom The term semantic zoom refers to the concept that more details should be made visible to the user on zoom in and a more general overview on zoom out (Bederson, 1996). PhotoMesa (figure 3.4) uses this technique for browsing large photo collections. PhotoMesa introduced the quantum treemap as a way to most efficiently display a photo collection on the screen (Bederson, 2001). Similar to the treemap, PhotoMesa also proposed the quantum bubblemap, which uses a circular grouping. The PhotoMesa visualizations are zoomable ,  which allows the user to see an overview of the collection and further “dig” to see the details.  Drucker et al proposed the Time Quilt layout and contrasted it to a space filling layout similar to the quantum treemap (Drucker, Huynh, Baudisch, & Wong, 2005). They hypothesized that with a large enough collection, it becomes impractical to display a thumbnail for each photo since the 
Figure 3.4: Screenshot of PhotoMesa showing 12 albums and 393 photos. PhotoMesa 3 switches to representative photo mode 
when albums containing over 500 photos are selected. The treemap layout shows album size and content, but hides the 
temporal relationship between albums.   
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thumbnails would be so miniscule. Because of this, they suggest using a representative photo for each grouping. Additionally, Drucker et al notice that space filling layouts poorly represent time. Since time is so essential for browsing a photo collection they propose a zoomable timeline layout using representative photos called Time Quilt. In their study, they contrast Time Quilt with three other interfaces: a space-filling visualization, a space-filling visualization with representative photos, and a simple timeline. They found that Time Quilt did decrease the time needed to complete browsing tasks. Additionally, participants preferred the use of representational photos even though the chosen photos may not be accurate.  
3.2.4 VISUALIZING COLLECTION INFORMATION Aside from various layouts of the images themselves, visualizations have been used to represent information about the collection as a whole.  PhotoFinder used histograms to show the distribution of various metadata across the collection (Shneiderman & Kang, 2000). For example, a histogram showed the number of photos for each event in the collection.  Open History Dashboard also used a histogram to show the number of artifacts were in the collection from each time period (Urban, Twidale, & Adamczyk, 2010). In addition to histograms, Open History Dashboard used other visualization widgets to display collection metadata.  Viégas’ Collections uses visualization to manage privacy settings for photo collections (Viégas, 2000).  A set of embedded circles are used to designate which photos can be shared with a broader audience and which ones should only be displayed to a select inner circle. The visualization allows users to match their photos to be shared with the appropriate social circle.  
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CHAPTER 4: THE PHOTO KHIPU 4.1  OVERVIEW The Photo Khipu is an abstract visualization of a photo collection meant to be an evocative and aesthetic display of the collection as a whole.  The visualization gains its name and original design motivation from the Inkan Khipu – a system of strings and knots for record keeping.  
4.1.1 KHIPU AS HISTORICAL OBJECT A khipu is a collection of strings and knots used by the Inka for such things as accounting and tax collection (see Figure 4.1). While a few modern khipu are in use today, their original encoding is lost. Much of the Spanish colonial record about khipu is unclear or contradictory, however “there are strong indications that khipu did not simply record numbers but also kept records of poems, histories, and other narratives”(Urton, 2002). Each khipu has a primary cord from which pendant cords are hung. In addition, each pendant can have ten to twelve subsidiary cords, as well as three kinds of knots. The knots have numerical significance as well as structural significance encoded in strand color, knot type and position (Locke, 1912; Urton & Brezine, 2005). “[The] knots and their placements, the twists of cords, color combinations, and likely other elements all seem to play important roles in conveying information” (Urton, 2002). Our metaphotograph, Photo Khipu, is loosely based on the Inkan khipu primarily for its record keeping ability and aesthetic. Described by Urton as “expressions of linearity,” the structure of the khipu lends itself well to the temporal linearity of photo collections.  
 Figure 4.1: Inkan khipu. Source: Wikipedia Figure 4.2: The initial design sketch with a photo displayed in the center. 
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4.2  DESIGN EVOLUTION  From IDC’s U.S. Consumer Digital Imaging Survey, digital camera owners took an average of 75 photos per month (or 900 photos a year) in 2005.  Given the average life expectancy in the United States is 78.411
In approaching the design of a metaphotograph, we initially considered how large collections could be displayed in their entirety while still making patterns across the collection salient. PhotoMesa addresses this problem by using a quantum treemap to efficiently layout photos on the screen (Bederson, 2001). However screen size is still limited. When the collection grows to over 500 photos, PhotoMesa 3
 years, if a person had 75 photos for every month of his life, by the time he reached 78 years he would have over 70,000 photos. This estimate is low compared to the mass of data generated by lifelogging technologies (Kalnikaitė et al., 2010).  
12
Throughout the design process, we made some basic assumptions about photo collections. We assumed that the photos would be grouped into albums by day, and albums ordered by date. We also assumed there might be a hierarchical structure to the collections. Despite the availability of metadata rich photo systems such as Flickr, Facebook, Picasa and iPhoto, we designed the visualization based on the most ubiquitous and widely available photo information. We chose this approach for the prototype in order to limit the design scope to the structure of the collection itself. The result could then be applied to support additional metadata.     
 displays select representative images for each album.  We wanted to both see the temporal patterns in a photo collection and access the individual photos. Displaying a collection of images as rectangular thumbnails can be visually confusing and difficult to scale. We addressed this problem by abstracting away the photos themselves leaving a visual index through which the collection could be browsed.  
Essentially, a photo collection comprises three types of elements: albums, photos and sub-albums. Albums act as containers for sub-albums and photos. Even though we considered albums to be a recursive structure, we conceptually separated sub-albums from albums to allow for separate representations. All three elements have four essential visual properties: form, arrangement, color and connection. Form refers to the shape or structure of the element. Color refers to the rule by which a class of elements is colored. Finally, connection refers to the visual representation of the relationship between elements. For example, a photo can be seen as “belonging” to an album by its connection.                                                               11 World Bank, World Development Indicators, 2008 12 http://www.windsorinterfaces.com/photomesa.shtml 
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4.2.1 VISUAL STRUCTURE, MAPPINGS, AND INITIAL SKETCH The initial visual design of Photo Khipu was directly inspired by the Inkan khipu. The beautiful radial pattern and the linearity of form met our requirements of a metaphotograph. Repeating and rotating forms often yields interesting and visually pleasing patterns (Lupton & Phillips, 2008). Additionally, the radial structure of the khipu is reminiscent of other visualizations (Xiong, 2000). The linearity of the khipu easily maps to the linearity of a timeline. An individual album or event would be represented by a single strand, with each photo within that album represented by knots on the strand. Our initial design sketch (figure 4.2) featured pendant cords (photo albums) connected to a primary cord that served as the timeline. Like physical strings, the cords were pliant, and had an organic feel.  The primary cord curved upwards in a “U” shape, allowing the pendant cords to “flow” radially outward. These pendant cords are arranged by album date. The distance between the strands was proportional to their temporal distance (the amount of time that takes place between events). This accomplishes two things. By spacing the strands by time, we wanted to capture the natural ebbs and flows of photo taking practices. Consequently, this adds variability to the visualization highlighting the unique story in each collection.   We initially envisioned that Photo Khipu would be used to represent aggregate photo collections featuring multiple authors. Due to the ubiquity of photo sharing, collections often contain photos taken by other family members or friends. By including authorship, a metaphotograph would show both who a photo came from but also highlight multiple perspectives of an event. This could be particularly useful for large group events such as family reunions and school dances. When dealing with multiple timelines, it is likely that some events occur on the same date. To handle this, Photo Khipu borrows another concept from the Inkan artifact: subsidiary cords. Subsidiary cords are connected to pendant cords, and are thus well suited to represent sub-albums. In our initial sketch both pendant and subsidiary cords have knots (photos).  This allows the representation of the day to “fork”, showing different points of view from two different authors. Like the strands, the knots in the sketch were spaced in proportion to temporal distance. The knots did not vary in size or shape; they were all represented by small circles. A user could select a knot, and its corresponding photograph would be displayed in the center of the Khipu visualization. A small ring highlights the currently selected knot. Arrows placed under the photo allow the user to jump to the next or previous photo in the sequence making it easy to browse all the photos in one strand.  
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4.2.2 COLOR MOCKUP Once the structure was in place, we began to think about representing and differentiating individual photos. One approach we considered was encoding information about the content of the photo into the shape of the knot. In order for this encoding to be easy to remember, we decided on three distinct and broad categories of photo content: people, scene and object. We defined these three categories to be distinct and mutually exclusive. Any photo containing people would be marked “people” possibly indicating a social event: photos taken for personal or group memory or simply self-presentation (Van House, Davis, Ames, Finn, & Viswanathan, 2005).  Otherwise if the photo focuses on a central object it would be marked “object”, possibly indicating functional photos (ibid.).  A photo without people or object would be marked “scene”, indicating a trip or aesthetic vista. These three distinctions help narrow visual search while using a manageable number of encodings.  Figure 4.3 shows the three knot designs for representing these categories. An object would be represented by a small circle. A landscape would be represented by a donut shape, indicating emphasis on the background rather than the foreground. Like photos depicting objects, photos of people would be represented by a dot but for each person in the photo a ring would be added. These rings highlight the most social photos, thus indicating social magnitude. We define social 
magnitude as the number of people in a photo. Some photos represent more social occasions than others. These photos are more likely to be meaningful signs of relatedness, and may also be of particular interest during sharing activities. Counting people in a photo is one way to measure social magnitude.  
Figure 4.3: Design for three different knot styles. The 
knot in (1) was meant to denote a photo of an object, 
while (2) corresponds to a photo of a landscape. (3) 
corresponds to the sociality of a photo. The number of 
rings represents the number of people found in the 
photo – the social magnitude.  
Figure 4.4: Color mockup of Photo Khipu with the three 
knot styles. The mockup shows the interlacing of photos 
from three different authors as represented by the yellow, 
brown, and red strands.  
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Figure 4.4 shows a color mockup of Photo Khipu using the shape encodings for each photo. The structural aspects remain the same, and strand color encodes album ownership. We also assumed the knot color would be the dominant color in the photo. Notice the photo is still displayed in the center of the Khipu.  
4.2.3 FIRST PROTOTYPE We chose to implement the first prototype in Processing13
People primarily value photos because they signify relatedness (Csikszentmihalyi & Rochberg-Halton, 1981). For this reason, we chose to simplify the previous design by limiting photo form to only represent social magnitude. This was measured by counting the faces found by the OpenCV library
. Upon implementing Photo Khipu, we changed how photos were displayed. Rather than only displaying a thumbnail of the image, Khipu shows a full sized photo on mouse click. This action changes the display from collection view to photo view (see figure 4.5). The user can then navigate the album by clicking the arrows or using the album strand situated to the left of the image. Clicking outside the image escapes the photo view screen. In the collection view, a thumbnail is displayed on hover over so that its upper left-hand corner meets the center of its corresponding knot. This connects the photo to the interaction with the visualization. We also equalized the distance between the knots to make more photos available on the screen despite large album sizes (long strands). While this placement allowed most knots to be visible, larger knots tended to occlude their neighbors. 
14
                                                             13 http://www.processing.org 
. A person’s identity is closely tied to his or her face, thus faces are often the subject of photographs. We used multiple detectors to provide a more accurate count (see figure 4.6).  
14 OpenCV. Open CV. http://sourceforge.net/projects/opencvlibrary/. Accessed Sept. 2008. 
Figure 4.5: Full view of a photo in the first prototype. The 
appropriate album strand is displayed to the side. 
Figure 4.6: Using a combination of detectors can 
provide a more accurate count of the number of 
people in an image.   
Photo Courtesy of Roy Campbell. 
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We first used rings to show social magnitude (figure 4.7), but this proved visually confusing and chaotic especially at points of occlusion. Also, the quantitative nature of the rings made it obvious when the face detection algorithms did not accurately count all the people. In response to these issues, we replaced the rings with a transparent halo (figure 4.7 inset). This alleviated some of the problems with occlusion.  
Color However, visual conflict remained with the two distinct uses of color: album ownership and photo color. We abandoned colored strands in order to focus on photo color patterns within an individual collection. We chose instead to use a medium grey to deemphasize the strands themselves and subtly show the connection between the photos.  Knot color also underwent some changes. In our search for visual continuity, we mapped the colors derived from the photos to a select subset. We kept brightness and saturation constant, while limiting possible hues to twenty-six distinct values. The results of experimenting with these color maps can be seen in figure 4.8. 
Figure 4.7: First prototype of Photo Khipu. Rings denote social magnitude, but create visually confusing and undesirable 
effects. Rings also tended to emphasize the inaccuracy of face detection for counting people.  
Inset: To alleviate visual confusion and occlusion, the rings were replaced by transparent ‘halos’ 
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We initially used the central pixel to color the knot to reduce preprocessing time. While this is not the optimal approach, we found that the color of the central pixel is often relevant to the image because the center tends to be the focus of a photo. In fact, people’s faces are often in the center of images. We found the red colors produced by the color map often corresponded to skin tone (see figure 4.9). Skin gets its reddish hue from the underlying blood vessels and brown/yellow color from melanin (Rossotti, 1985). The addition of melanin also increases the saturation. However, skin has a small range of hues, and differences in color are largely due to intensity, not hue (Yang & Waibel, 1996).  Since our color map uses a constant saturation and brightness, all variations of skin tone are mapped to a red hue. In this way color reinforces shape as an indicator of sociality. However, this reinforcement is unintuitive and requires knowledge of both the system and skin tone composition to understand. Also, it is not exclusive to skin tone; all other red hues are represented in the same way. While the color map did provide visual continuity for the visualization as a whole, the relationship between the knot color and the image was unintuitive. We decided to test these variables in the study.   
Interaction Design Our first implementation used a single touch SMART Board15
                                                             15 http://www.smarttech.com 
. The prototype initially presented the user with the visualization. To view a thumbnail of the image, the user can hover his finger over a knot (see figure 4.10). When a user selects a knot, a larger version of the image is displayed on the entire screen. From there, the user can navigate to the next or previous image in the album (see 
Figure 4.8: In an attempt to add visual continuity to the visualization, saturation and brightness were kept constant across 
the visualization. Hues were limited to a subset of 25 hues. These images show two variations of this color map. 
Figure 4.9: A portion of an album strand from a department picnic. Most of the pictures are individual portraits while a few 
are group shots. The general red/orange tone is representative of skin tone. 
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figure 4.5). A view of the album strand is also provided to show relative location within the album as well as a way to navigate. This view allows the user to focus on a particular album and browse its individual photos. With a large photo collection, it can be difficult to select a particular album or photo to view. Photo Khipu deals with this by allowing strands to slide apart or together so the user can select a portion of the collection to view. The user scrolls by dragging across the screen which rotates the khipu along its central axis. Dragging downwards scrolls the knots on the center strand vertically. This was added to better access photos at the bottom of long strands. To the left of the Khipu, the user can open the index visualization (see figure 4.11). This visualization shows album size and position in time for the whole collection. A red box highlights the portion of the collection currently in view. The user can move the box along the index to change the khipu position. Also, the user can change the size of the box by moving the bottom edge up or down.  
Discussion In order to assess the feasibility of displaying the entirety of a large collection, we worked with a photo collection compiled from local student organizations that contained 9,677 photos from the past 10 years. Considering that we are dealing with a collection that grows roughly 1,000 photos per year – this collection fits our estimated growth of the average personal photo collection.  However, at this scale the first prototype breaks down. The size of the collection places strain on the delicate balance between cord length, knot size and the distance between cords. While the collection can still be accessed by scanning and zooming, the ability to see the whole at a glance is lost. The radial nature of the Khipu compounds this problem. The area around the ring becomes chaotic while the perimeter is distanced and disjoint.  
Figure 4.10: The Photo Khipu in use on a SMART Board. 
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The index at the side of the Khipu, now carries full responsibility for displaying the context of time within the collection. This it does beautifully. Although a simple histogram, the index clearly shows event density and when “important” or picture-full events occur.  So what happens, when we straighten the Khipu? As figure 4.12 shows, the result is still crowded, but the patterns are clear. Photo Khipu highlights the annual nature of that collection while also showing particularly social moments. We decided to include both radial and linear layouts in the second prototype in order to discover user preference. We hypothesized that a linear layout would be more intuitive, but the radial layout would be considered more aesthetic.  
4.2.4 SECOND PROTOTYPE In the first prototype, strand length made viewing all the photos in an album difficult. We decided to experiment with different visualization designs. To do this, we implemented the second prototype 
Figure 4.11: The visualization to the left shows the index to Photo Khipu where each album is arranged vertically by time. The 
length of each horizontal line is indicative of the size of the album. The red box show which portion is currently in view. The 
size of the box is changed by dragging the bottom up or down. Hovering over a knot displays a thumbnail. 
Figure 4.12: A linear layout of Photo Khipu. This view makes temporal patterns salient. The collection shown here includes 
photos from a period of over 10 years and primarily includes photos from an annual event. The large yellow knot 
corresponds to a photo of students in a lecture hall.  
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in ActionScript using the Flare visualization library16
Layouts 
.  
The Radial layout is reminiscent of the original Photo Khipu design (figure 4.13). This time the albums form a circle. This allowed for easier navigation as the whole collection could be seen at once.  The Linear layout is an “unrolled” version of the Radial layout. While the Linear layout is less compact than the Radial, it follows the familiar horizontal date progression and vertical time progression that is often seen in calendars or date planners.   The Bubbles layout clusters the albums in a spiral by time with the oldest album in the center. Photos are in a similar spiral pattern inside the albums. This layout is more compact than both the Linear and Radial layouts, but it does not depict temporal distance. This layout also easily supports hierarchy by embedding sub-albums and avoids occlusion.  
                                                             16 http://flare.prefuse.org/ 
Figure 4.13: Five different layouts: Radial, Linear, Bubbles, Circles, and Rings.  
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The Circles layout is similar to the Radial layout in its circular arrangement and compactness. Within an album photos follow a spiral pattern similar to the Bubbles layout.  The Rings layout is similar to the Circles layout. The only difference is that instead of embedding the photos inside the albums, the photos form a ring around each album.  This is more compact than the radial layout and still allows the user to easily traverse the photos in order. This layout also hides temporal distance. 
Color For the first prototype, representative color was chosen from the central pixel in the image for easy computation. Although a rudimentary solution, it worked because objects of interest often lie in the center of the photo. Even so, we wanted the color chosen to more accurately represent the image in order to test the difference in usability and visual appeal between the “natural” and color-mapped schemes. Many solutions exist for color-based image retrieval (Androutsos, 1999; Cinque, 2001; Rubner, Tomasi, & Guibas, 2000). However, choosing the most representative color for an image depends partially on human perception and memory.   In attempts to improve upon this, a serious question must be asked: what is the best color to represent? An average color would most likely be a muddled brown, although it would differentiate photos that strongly favor a single color. The dominant color can be defined as a blend of related shades that occupy the largest area of the image. The dominant color appears to be an obvious solution. For example, the color of sky or grass would represent photos taken outside. However, consider a photo of red car against a concrete wall. Should that image be represented by bright red or dull beige? What would someone visually searching for the image expect?  To search for an image is to search for that which it represents. The red car is the object of that photo. It is the focal point. The photo is “a picture of a red car.” It is not “a picture of a concrete wall.” While that dull beige might be the dominant color in the photo, the red is the most memorable.  The lemons in figure 4.14 serve as another example. Yellow is so closely tied to the concept of a lemon, that it is unlikely that someone would search for a picture of lemons by looking for green – even though green composes the majority of the photo.  The most memorable color is subjective. Consider the flower image in figure 4.15. The yellow flower is the object of the photo, but the vibrant green background also stands out. In this case, both green and yellow are valid candidates. Both the images of the car and the flower serve as simplified examples. The choice rests between two colors. Many photos have a more complex spectrum. 
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In order to test our thoughts about memorable colors we used Muraken’s ColorPickUper17
 In order to better understand the trade-offs between color accuracy and visual consistency in metaphotograph design, the second prototype gave users the option of three different color schemes. This included the “Natural” color scheme, the “Bright” color scheme from the color map, and an “Average” scheme that blended the colors of the image and applied the color map. These three vary in visual consistency and accurate portrayal of the image. The “Average” scheme marks the extremity of visual consistency and in doing so highlights certain photos that favor a particular color. 
 to find a significant color in the photo (for example the shade of red from the car). This color was not necessarily dominant. We used this in our study to gain a better understanding of the kinds of colors a user expects when searching for a photo. We labeled this the “Natural” color scheme. 
Discussion  Our second prototype supports multiple visual layouts and color schemes in order to better evaluate these factors. The following chapter addresses this evaluation.   
                                                             17 http://www.libspark.org/wiki/muraken/ColorPickUper 
Figure 4.15: Similar to figure 4.3, this image also has a 
dominant green background color and focus on a yellow 
object. However, the most memorable color in this photo is 
ambiguous because flowers are not as synonymous with 
yellow as lemons are.  
Figure 4.14: This image is composed primarily of green leaves, 
making its dominant color green. However the subject of the 
image are the two lemons. Since the concept of  lemons and the 
color yellow are closely tied, yellow is likely to be the most 
memorable color for this image.   
CHAPTER	  5:	  STUDY
We	  ran	  a	  two	  part	  study	  focusing	  on	  two	  perspectives	  of	  photo	  collection	  viewers:	  collection	  owners	  and	  visitors	  to	  a	  public	  collection	  display.	  For	  those	  viewing	  their	  own	  collection,	  participants	  submitted	  a	  subset	  of	  their	  photos	  and	  later	  came	  to	  the	  lab	  to	  view	  their	  metaphotograph.	  For	  visitors	  to	  the	  collection,	  we	  displayed	  a	  visualization	  of	  community	  photographs	  on	  a	  large	  plasma	  screen	  during	  a	  local	  community	  event	  (see	  Jigure	  5.1).	  We	  used	  the	  second	  prototype	  for	  both	  studies.	  5.1	  	  COMMUNITY	  STUDY
5.1.1	  METHODOLOGYWe	  placed	  Photo	  Khipu	  on	  display	  for	  two	  days	  at	  the	  annual	  University	  of	  Illinois	  Engineering	  Open	  House.	  We	  observed	  Photo	  Khipu	  in	  a	  public	  space	  in	  order	  to	  get	  an	  understanding	  of	  how	  engaging	  the	  display	  is,	  and	  whether	  or	  not	  people	  understood	  the	  display	  as	  it	  stood	  alone.	  Local	  computer	  science	  student	  groups	  provided	  the	  photos	  for	  this	  display.	  The	  photos	  depicted	  past	  Engineering	  Open	  House	  events	  from	  the	  perspective	  of	  each	  group.	  The	  collection	  included	  616	  photos	  from	  ten	  years.	  	  See	  Jigure	  5.2	  for	  a	  histogram	  of	  the	  collection.	  To	  get	  a	  sense	  of	  how	  engaging	  the	  display	  is,	  we	  observed	  emotional	  responses	  (see	  Jigure	  5.3)	  in	  addition	  to	  moments	  of	  storytelling	  and	  discovery.	  We	  deJined	  a	  storytelling	  event	  as	  any	  moment	  when	  a	  person	  told	  someone	  else	  either	  about	  the	  display	  or	  something	  within	  the	  photo	  collection.	  
41
Figure	  5.1:	  Photo	  Khipu	  display	  setup. Figure	  5.2:	  Histogram	  of	  the	  photo	  collection	  used	  in	  
the	  community	  study.	  
We	  considered	  discovery	  to	  include	  exclamations	  of	  Jinding	  something	  new	  about	  the	  visualization	  or	  the	  collection	  it	  represents.	  To	  gauge	  the	  ability	  of	  Photo	  Khipu	  to	  stand	  alone,	  we	  varied	  the	  study	  between	  the	  two	  days	  of	  the	  event.	  	  On	  the	  Jirst	  day,	  the	  observer	  sat	  near	  the	  display	  in	  obvious	  connection	  to	  it.	  The	  observer	  did	  not	  actively	  promote	  the	  display,	  but	  served	  as	  a	  point	  of	  contact	  to	  interested	  passers-­‐by.	  On	  the	  second	  day,	  the	  observer	  sat	  across	  from	  the	  display	  so	  that	  they	  could	  still	  easily	  observe,	  and	  yet	  were	  distanced	  from	  the	  display.	  
5.1.2	  RESULTSThroughout	  the	  course	  of	  the	  event,	  85	  distinct	  groups	  and	  165	  individuals	  participated	  in	  the	  display	  to	  some	  extent.	  We	  recorded	  time	  spent	  in	  two	  different	  forms	  of	  participation,	  passive	  viewing	  and	  active	  interacting.	  Figure	  5.4	  shows	  the	  results	  for	  each	  day.	  
Day	  OneOn	  the	  Jirst	  day,	  60	  groups	  including	  114	  individuals	  participated	  in	  the	  display.	  People	  spent	  approximately	  100	  seconds	  (1.5	  minutes)	  at	  the	  display.	  On	  average,	  passers-­‐by	  spent	  77	  seconds	  passively	  looking	  at	  the	  display	  while	  they	  spent	  73	  seconds	  interacting	  with	  the	  display.
Day	  TwoOn	  the	  second	  day,	  45	  groups	  including	  51	  individuals	  participated	  in	  the	  display.	  Less	  people	  came	  to	  the	  event	  on	  second	  day,	  possibly	  due	  to	  rainy	  weather.	  	  Those	  who	  came	  spent	  approximately	  66	  seconds	  at	  the	  display.	  On	  average	  passers-­‐by	  	  spent	  58	  seconds	  passively	  looking	  at	  the	  display	  	  and	  42	  seconds	  interacting.
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Figure	  5.3:	  Emotional	  reactions	  to	  Photo	  Khipu.	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Figure	  5.4:	  Histograms	  of	  passive	  and	  active	  
viewing	  activity.	  
5.1.3	  DISCUSSIONOver	  the	  course	  of	  the	  two	  days,	  we	  recorded	  15	  acts	  of	  storytelling.	  Nine	  percent	  of	  the	  people	  observed	  told	  some	  kind	  of	  story	  about	  the	  display.	  Most	  of	  these	  stories	  were	  short	  comments	  such	  as	  “That’s	  my	  boss!”	  or	  “I	  might	  be	  in	  there!”	  	  All	  recorded	  storytelling	  events	  except	  two	  occurred	  on	  the	  Jirst	  day.	  Similarly,	  40	  of	  the	  44	  discovery	  events	  occurred	  on	  the	  Jirst	  day.	  People	  spent	  less	  time	  participating	  in	  the	  display	  on	  the	  second	  day	  than	  they	  did	  in	  active	  interaction	  alone	  on	  the	  Jirst	  day.	  It	  is	  clear	  that	  people	  were	  more	  likely	  to	  linger	  and	  interact	  with	  the	  display	  when	  a	  person	  tended	  the	  display.	  	  Part	  of	  this	  may	  be	  an	  artifact	  of	  the	  environment.	  The	  display	  was	  set	  up	  amongst	  other	  displays	  in	  a	  hallway	  where	  many	  people	  passed	  through.	  In	  general,	  people	  stopped	  at	  exhibits	  that	  were	  tended.	  The	  majority	  of	  passers-­‐by	  were	  strangers	  to	  the	  community.	  The	  photos	  may	  not	  have	  interested	  them,	  and	  it	  seems	  they	  felt	  little	  need	  for	  more	  than	  a	  cursory	  pass	  through	  the	  collection.	  The	  same	  was	  true	  for	  members	  of	  the	  community.	  Although	  local	  student	  groups	  provided	  the	  photos,	  at	  least	  half	  of	  the	  photos	  involved	  community	  members	  who	  had	  long	  graduated.	  The	  community	  had	  evolved	  and	  current	  community	  members	  had	  little	  connection	  to	  the	  photos.	  Some	  photos	  that	  did	  connect	  with	  passers-­‐by	  included	  a	  photo	  of	  someone	  in	  a	  monkey	  suit	  and	  a	  photo	  of	  children’s	  science	  show	  host,	  Bill	  Nye	  the	  Science	  Guy,	  with	  University	  of	  Illinois	  students.	  Many	  passers-­‐by	  on	  the	  Jirst	  day	  asked	  the	  observers	  to	  explain	  the	  visualization.	  Once	  explained,	  passers-­‐by	  became	  interested	  and	  enthusiastic.	  Over	  half	  of	  the	  emotional	  responses	  recorded	  were	  positive.	  This	  indicates	  that	  metaphotograph	  display	  may	  be	  well	  suited	  for	  home	  use	  where	  someone	  can	  explain	  the	  collection	  and	  act	  as	  storyteller.	  On	  the	  second	  day,	  the	  observers	  noted	  the	  need	  for	  signage	  to	  explain	  that	  the	  visualization	  contained	  photos,	  and	  that	  the	  photos	  depicted	  previous	  EOH	  events.
Immediate	  UsabilityPublic	  access	  systems	  need	  to	  be	  designed	  for	  immediate	  usability	  (Kules,	  Kang,	  Plaisant,	  Rose,	  &	  Shneiderman,	  2004).	  Kules	  et	  al.	  describe	  four	  principles	  and	  guidelines	  for	  achieving	  this:	  	  immediate	  attraction,	  immediate	  learning,	  immediate	  engagement	  and	  immediate	  disengagement	  (ibid.).	  
Immediate	  Attraction:	  “Use	  the	  most	  attractive	  content	  to	  demonstrate	  the	  system.”Photo	  Khipu	  included	  a	  simple	  introductory	  screen	  (see	  Jigure	  5.5)	  to	  explain	  the	  hidden	  interactions	  of	  clicking	  and	  hovering	  over	  dots	  to	  access	  photos.	  We	  designed	  this	  screen	  to	  be	  simple,	  minimal	  and	  provide	  a	  pictorial	  explanation	  of	  the	  interface	  at	  a	  glance.	  However	  the	  link	  to	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the	  visualization	  was	  either	  poorly	  named	  or	  not	  noticeable.	  For	  this	  reason	  passers-­‐by	  did	  not	  know	  where	  to	  begin.	  Also,	  we	  provided	  signage	  to	  explain	  the	  nature	  of	  the	  photo	  collection	  and	  even	  prompt	  people	  to	  Jind	  certain	  pictures	  (“Can	  you	  Jind	  the	  photo	  of	  the	  monkey?	  Can	  you	  Jind	  Bill	  Nye	  the	  Science	  Guy?”).	  The	  display	  attracted	  more	  attention	  when	  a	  photo	  of	  Bill	  Nye	  the	  Science	  Guy,	  was	  left	  open	  on	  the	  screen.	  Having	  a	  celebrity	  in	  the	  photo	  set	  increased	  interest.	  However,	  these	  techniques	  proved	  insufJicient.	  A	  metaphotograph	  for	  public	  display	  requires	  an	  interesting	  and	  relevant	  collection	  in	  addition	  to	  a	  more	  compelling	  and	  instructive	  attract	  sequence.	  	  
Immediate	  Learning:	  “Support	  zero-­trial	  learning.”	  We	  designed	  the	  introductory	  screen	  to	  make	  the	  possible	  interactions	  with	  the	  system	  apparent.	  However,	  that	  screen	  did	  not	  clearly	  transition	  to	  the	  visualization.	  Once	  people	  found	  the	  visualization,	  they	  had	  no	  trouble	  learning	  that	  the	  colored	  dots	  held	  photos.	  In	  order	  to	  make	  the	  zoom	  functionality	  visible,	  we	  added	  a	  zoom	  widget,	  however	  it	  was	  rarely	  used.	  Participants	  preferred	  to	  use	  the	  scroll	  wheel	  on	  the	  mouse.	  Photo	  Khipu	  did	  not	  make	  the	  encoding	  for	  knot	  size	  apparent	  and	  this	  affected	  the	  readability	  of	  the	  Khipu.	  The	  size	  of	  the	  knots	  was	  not	  obviously	  linked	  to	  the	  number	  of	  people.	  Passers-­‐by	  had	  little	  interest	  in	  discovering	  the	  encoding.	  However	  they	  immediately	  grasped	  the	  relationship	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Figure	  5.5:	  Introductory	  screen.
between	  knot	  size	  and	  number	  of	  people	  when	  the	  observer	  mentioned	  the	  concept.	  This	  served	  as	  an	  “Aha!”	  moment	  for	  passers-­‐by.	  Participants	  did	  not	  bother	  to	  explore	  the	  different	  layouts	  or	  color	  schemes,	  even	  when	  this	  functionality	  was	  mentioned	  by	  the	  observer	  (day	  one).	  	  This	  is	  possibly	  due	  to	  lack	  of	  interest	  in	  the	  collection	  itself.	  
Immediate	  Engagement:	  “Encourage	  users	  to	  immediately	  interact	  with	  content.”The	  introductory	  screen	  impeded	  immediate	  engagement	  because	  people	  did	  not	  know	  where	  to	  go	  from	  there.	  Located	  atop	  the	  introductory	  screen,	  two	  links	  labeled	  “Layouts”	  and	  “Colors”	  opened	  the	  visualization.	  However,	  most	  people	  did	  not	  notice	  these	  links.	  	  Once	  at	  the	  visualization	  screen,	  participants	  could	  quickly	  access	  the	  photos	  from	  the	  visualization.	  Occasionally	  a	  knot	  would	  not	  respond	  to	  click	  or	  hover	  over.	  Users	  found	  this	  frustrating.	  This	  occurred	  order	  when	  one	  album	  interfered	  with	  the	  accessibility	  of	  another	  even	  though	  there	  was	  no	  visual	  occlusion.	  This	  problem	  occurred	  most	  frequently	  in	  the	  Bubbles	  layout.	  	  
Immediate	  Disengagement:	  “When	  a	  user	  departs,	  immediately	  reset	  the	  system.”We	  did	  not	  add	  	  additional	  features	  to	  handle	  immediate	  disengagement.	  Navigating	  to	  a	  different	  layout	  automatically	  resets	  the	  visualization.	  We	  wanted	  the	  display	  to	  act	  like	  a	  photo	  album	  on	  a	  coffee	  table,	  currently	  open	  where	  the	  last	  person	  left	  it.	  However,	  automatically	  running	  the	  attract	  sequence	  after	  each	  participant	  would	  increase	  the	  immediate	  usability.	  
LessonsThe	  abstract	  visualization	  needs	  specially	  designed	  animated	  attract	  sequences	  to	  serve	  as	  a	  public	  display.	  The	  animation	  needs	  to	  illustrate	  both	  the	  contents	  of	  the	  visualization	  and	  how	  to	  access	  them.	  Also,	  the	  animation	  should	  use	  animation	  techniques	  to	  beckon	  an	  observer	  to	  interact	  such	  as	  making	  a	  knot	  pulsate.	  A	  public	  display	  might	  require	  a	  prompt	  such	  as	  “Touch	  Here	  to	  Begin”,	  but	  it	  should	  Jit	  into	  the	  design.	  The	  disengage	  sequence	  should	  include	  restarting	  the	  attraction	  sequence	  and	  resetting	  the	  visualization	  when	  interaction	  has	  ceased.	  However,	  in	  designing	  for	  the	  home,	  these	  may	  not	  be	  necessary.	  A	  metaphotograph	  as	  a	  public	  display	  should	  use	  only	  one	  layout	  and	  color	  scheme.	  These	  should	  be	  intuitive	  and	  work	  well	  with	  that	  particular	  collection.	  Additionally,	  a	  legend	  or	  scale	  should	  appear	  next	  to	  the	  visualization	  to	  make	  the	  meaning	  of	  knot	  size	  apparent.	  This	  raises	  a	  question	  about	  the	  difference	  between	  a	  public	  access	  system	  and	  the	  aesthetic	  object.	  One	  requires	  immediate	  usability;	  the	  other	  requires	  an	  individual’s	  skills	  to	  meet	  its	  challenges.	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Figure	  5.6:	  Participant	  collection	  histograms	  (1-­6).	  Only	  some	  of	  P3’s	  photos	  had	  date	  information.	  P6’s	  albums	  were	  
tagged	  primarily	  with	  the	  same	  date.	  The	  participant	  indicated	  that	  she	  needed	  to	  set	  the	  date	  on	  her	  camera.	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47Figure	  5.7:	  Participant	  collection	  histograms	  (7-­11).	  P8’s	  collection	  is	  arranged	  alphabetically.	  The	  albums	  in	  P10’s	  collection	  were	  named	  for	  the	  places	  he	  visited.	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5.2	  	  PERSONALIZED	  STUDY	  
5.2.1	  METHODOLOGYParticipants	  were	  told	  to	  provide	  at	  least	  a	  hundred	  photos.	  After	  we	  processed	  the	  photos,	  the	  participants	  came	  to	  the	  lab	  for	  a	  brief	  study.	  The	  study	  lasted	  between	  thirty	  minutes	  and	  an	  hour.	  During	  the	  study	  we	  introduced	  the	  participants	  to	  the	  visualization.	  We	  then	  asked	  the	  participants	  to	  discuss	  the	  layout	  and	  color	  options	  in	  terms	  of	  aesthetics,	  perform	  a	  search	  for	  at	  least	  two	  photos,	  and	  complete	  a	  questionnaire.	  A	  copy	  of	  the	  questionnaire	  can	  be	  found	  in	  Appendix	  A.	  Eleven	  people	  participated	  in	  the	  lab	  study.	  The	  majority	  of	  participants	  were	  female;	  only	  three	  males	  participated.	  All	  participants	  were	  young,	  between	  18	  and	  35	  years	  old.	  Only	  two	  participants	  were	  older	  than	  24	  years.	  The	  average	  collection	  size	  submitted	  by	  participants	  included	  roughly	  470	  photos	  and	  32	  albums.	  The	  average	  album	  contained	  25	  photos.	  On	  average	  the	  largest	  and	  smallest	  albums	  differed	  by	  80	  photos.	  See	  Jigures	  5.6	  and	  5.7	  for	  histograms	  of	  the	  collections.	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Figure	  5.10:	  Number	  of	  participants	  who	  reported	  using	  
each	  photo	  sharing	  tool.	  
Figure	  5.9:	  Number	  of	  participants	  who	  reported	  using	  
each	  photo	  management	  tool.
Figure	  5.8:	  This	  participant	  (P9)	  took	  photos	  on	  a	  cameraphone.	  He	  took	  photos	  almost	  daily	  for	  a	  year.	  Only	  6	  days	  
merited	  a	  larger	  number	  of	  photos.	  
Photo-­‐taking	  habits	  varied,	  and,	  as	  expected,	  this	  was	  reJlected	  in	  the	  metaphotographs.	  Some	  participants	  primarily	  took	  photos	  on	  special	  occasions	  or	  while	  traveling.	  Figure	  5.8	  shows	  the	  metaphotograph	  of	  a	  participant	  who	  took	  daily	  photographs	  on	  his	  cameraphone.	  5.2.2	  Results
Current	  PracticesThe	  participants’	  use	  of	  photo	  management	  tools	  varied	  widely	  (Jigure	  5.9).	  	  Four	  participants	  reported	  using	  multiple	  tools;	  one	  reported	  using	  Jive	  different	  tools	  for	  management.	  However,	  since	  four	  of	  those	  Jive	  tools	  are	  web-­‐based,	  it	  is	  likely	  that	  she	  primarily	  uses	  directories.	  While	  no	  one	  management	  tool	  was	  favored	  by	  the	  majority	  of	  participants,	  Picasa	  and	  iPhoto	  are	  the	  most	  popular	  within	  this	  group.	  The	  participants	  unanimously	  use	  e-­‐mail	  for	  sharing	  photos,	  with	  Facebook	  a	  close	  second	  (Jigure	  5.10).	  	  All	  participants	  reported	  using	  at	  least	  two	  different	  photo	  sharing	  tools.	  Three	  reported	  using	  Jive	  different	  tools.	  Some	  participants	  reported	  only	  using	  a	  speciJic	  tool	  momentarily,	  for	  example,	  to	  create	  a	  web	  album	  or	  blog	  to	  share	  photos	  with	  family	  while	  studying	  abroad.	  For	  photo	  editing	  (Jigure	  5.11),	  participants	  reported	  using	  no	  more	  than	  two	  different	  tools	  each.	  Two	  participants	  reported	  not	  using	  any	  photo	  editing	  tools.	  Seven	  use	  advanced	  editors	  such	  as	  Photoshop	  or	  GIMP,	  while	  two	  only	  use	  the	  editing	  features	  within	  photo	  management	  tools	  such	  as	  iPhoto.	  
Collection	  Viewing	  FrequencyWhen	  asked	  about	  how	  often	  they	  go	  back	  and	  look	  through	  their	  photo	  collections,	  most	  participants	  replied,	  “Not	  very	  often.”	  They	  explained	  that	  this	  meant	  only	  once	  or	  twice	  a	  month.	  49
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Figure	  5.11:	  Number	  of	  participants	  who	  reported	  using	  each	  photo	  editing	  tool.	  
Seven	  participants	  gave	  a	  variation	  of	  this	  answer,	  while	  one	  simply	  said	  “Not	  often”	  without	  any	  quantiJication.	  	  Reasons	  given	  for	  viewing	  the	  collection	  included	  reminiscing,	  activities	  related	  to	  photowork,	  sharing,	  and	  boredom.	  
P2:	  	  “Not	  very	  often.	  I	  use	  to	  have	  a	  screen	  saver	  that	  would	  display	  my	  photos	  but	  I	  edited	  the	  list	  so	  it	  
was	  only	  a	  select	  few	  b/c	  of	  discretionary	  reasons.	  Every	  once	  and	  a	  while	  I	  will	  search	  but	  it's	  for	  one	  
photo	  and	  I	  just	  look	  through	  the	  albums.”
P4:	  “Probably	  a	  few	  times	  per	  month….	  Sometimes	  when	  bored,	  sometimes	  to	  relive	  a	  certain	  
experience	  or	  see	  how	  I	  or	  someone	  else	  once	  looked,	  or	  other	  times,	  to	  locate	  a	  particular	  image	  and	  
send/show	  it	  to	  someone.”
P11:	  “About	  1/month	  unless	  uploading	  new	  photos.	  May	  be	  looking	  to	  reminisce	  or	  printing	  out	  a	  
photo	  for	  display.”Two	  participants	  said	  they	  often	  go	  back	  and	  view	  their	  photo	  collections.	  They	  enjoy	  sharing	  and	  editing	  photos	  and	  that	  motivates	  them	  to	  interact	  more	  closely	  with	  their	  collection.	  
P3:	  “I	  look	  at	  photos	  quite	  often;	  I'd	  say	  at	  least	  every	  few	  days	  or	  so.	  Looking	  at	  particular	  albums	  
makes	  me	  happy,	  and	  I	  hind	  myself	  going	  through	  them	  a	  lot.	  Also,	  I	  talk	  to	  people	  a	  lot,	  and	  I	  hind	  that	  
sharing	  photos	  with	  them	  while	  talking	  about	  them	  helps	  and	  adds	  fun.”	  
P6:	  “Very	  often.	  I	  use	  photoshop	  &	  picnik	  to	  edit	  my	  photos	  for	  aesthetic	  purposes	  as	  well	  as	  for	  fun.	  I	  
also	  reference	  my	  photos	  when	  creating	  tangible	  albums	  or	  scrapbooks.”
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Figure	  5.12:	  Dull	  grey/green	  knots	  without	  
people.	  This	  album	  contains	  photos	  of	  trees	  and	  
farmland.	  
Figure	  5.13:	  From	  the	  same	  collection	  as	  the	  album	  in	  Figure	  
5.12,	  the	  pink	  color	  of	  this	  knot	  comes	  from	  one	  woman’s	  
shirt	  –	  a	  color	  that	  stands	  out	  within	  the	  photo	  itself.	  The	  size	  
rehlects	  the	  greater	  social	  magnitude	  of	  the	  group	  photo.	  
Finding	  PhotosPhoto	  Khipu	  allows	  for	  serendipitous	  browsing	  while	  maintaining	  context.	  Goal-­‐directed	  browsing	  is	  not	  the	  primary	  focus,	  but	  it	  is	  an	  important	  facet	  of	  storytelling	  and	  sharing	  practices	  (Balabanović,	  Chu,	  &	  Wolff,	  2000;	  Kirk,	  Sellen,	  Rother,	  &	  Wood,	  2006)	  .	  Inability	  to	  complete	  this	  kind	  of	  task	  implies	  the	  need	  for	  visual	  improvements,	  the	  addition	  of	  search	  features	  or	  an	  alternate	  approach.	  	  	  After	  a	  brief	  introduction	  to	  the	  visualization,	  participants	  had	  an	  opportunity	  to	  browse	  their	  collection.	  When	  they	  felt	  comfortable	  with	  the	  visualization,	  participants	  were	  asked	  to	  Jind	  three	  photos	  within	  their	  collection.	  This	  set	  the	  stage	  for	  goal-­‐oriented	  browsing	  commonly	  used	  in	  photowork	  (Kirk,	  Sellen,	  Rother,	  &	  Wood,	  2006).	  Since	  Photo	  Khipu	  abstracts	  away	  the	  actual	  image,	  we	  expected	  this	  task	  to	  be	  more	  difJicult	  than	  browsing	  through	  thumbnails.	  
ProcessParticipants	  used	  various	  strategies	  for	  Jinding	  photos.	  They	  narrowed	  the	  search	  space	  by	  using	  album	  information,	  color	  and	  number	  of	  people	  (see	  Jigures	  5.12	  and	  5.13).	  Album	  information	  includes	  order.	  While	  most	  albums	  were	  arranged	  in	  chronological	  order,	  one	  participant’s	  photos	  lacked	  date	  information	  so	  we	  arranged	  the	  albums	  alphabetically.	  Two	  layouts	  used	  most	  for	  this	  task	  were	  the	  Bubbles	  layout	  and	  the	  Linear	  layout.	  Those	  that	  preferred	  the	  linear	  layout	  used	  it	  for	  its	  similarity	  to	  a	  timeline.	  Those	  that	  preferred	  the	  Bubbles	  layout	  liked	  it	  for	  its	  compactness	  and	  their	  ability	  to	  access	  all	  the	  photos	  at	  once	  without	  scrolling.
P1:	  “I	  looked	  for	  a	  green	  dot	  because	  the	  gecko	  in	  the	  photo	  was	  green	  and	  may	  have	  stood	  out.	  I	  was	  
able	  to	  hind	  the	  photo	  after	  hovering	  over	  2	  or	  3	  different	  shades	  of	  green	  spot.”
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Figure	  5.14:	  The	  albums	  in	  P6’s	  
collection	  had	  incorrect	  date	  time	  
information	  that	  caused	  some	  
albums	  to	  be	  overlapped	  or	  
bunched	  together	  in	  the	  time-­based	  
representation.	  
Figure	  5.15:	  This	  is	  the	  Bubbles	  layout	  of	  P6’s	  
collection.	  Since	  this	  collection	  had	  incorrect	  date	  
information,	  the	  bubbles	  layout	  was	  preferred.	  
P6:	  “I	  looked	  for	  a	  smaller	  dot	  because	  I	  was	  the	  only	  person	  in	  the	  picture.	  I	  looked	  for	  blue	  because	  it	  
was	  the	  color	  of	  my	  shirt	  but	  the	  dot	  was	  grey	  -­	  the	  color	  of	  the	  rocks.	  I	  looked	  for	  other	  pictures	  with	  
the	  same	  location	  within	  the	  albums.	  It	  wasn't	  as	  easy	  to	  search	  through	  as	  my	  photo	  hiling	  system.”Participants	  often	  used	  color	  to	  Jind	  the	  image.	  As	  we	  suspected,	  participants	  did	  not	  necessarily	  look	  for	  dominant	  colors	  in	  the	  image.	  Instead,	  they	  looked	  for	  prominent	  colors	  associated	  with	  the	  subject	  of	  the	  photo.	  
DifhicultiesAs	  anticipated,	  over	  half	  of	  the	  participants	  found	  this	  task	  somewhat	  difJicult.	  	  The	  reasons	  for	  this	  difJiculty	  can	  be	  pointed	  to	  a	  number	  of	  factors:	  the	  participant	  could	  not	  remember	  the	  photo	  well,	  the	  organization	  of	  the	  photos	  did	  not	  match	  the	  participant’s	  collection,	  or	  the	  color	  was	  misleading.	  While	  we	  also	  asked	  participants	  to	  think	  of	  a	  particular	  photo	  to	  Jind,	  the	  investigator	  randomly	  chose	  photos	  for	  this	  task.	  Sometimes	  the	  participant	  did	  not	  remember	  the	  photo	  well.	  	  There	  is	  evidence	  to	  suggest	  that	  home	  users	  do	  not	  often	  search	  for	  photos	  that	  they	  do	  not	  remember	  well	  
(Kirk,	  Sellen,	  Rother,	  &	  Wood,	  2006).	  	  This	  particular	  reason	  for	  the	  difJiculty	  of	  the	  task	  may	  be	  irrelevant.	  Rather,	  it	  illustrates	  an	  opportunity	  for	  facilitating	  the	  rediscovery	  of	  forgotten	  photographs.
P9:	  “Tried	  to	  remember	  when	  the	  photo	  was	  taken,	  then	  guessed	  through	  the	  timeline	  to	  hind	  it.	  It's	  
hard	  if	  you	  don't	  remember	  the	  photo	  well.”
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Figure	  5.16:	  P11	  had	  two	  primary	  albums	  –	  one	  containing	  
other	  albums	  from	  a	  trip	  abroad;	  the	  other	  depicting	  a	  one-­
day	  rafting	  trip.	  The	  red	  and	  orange	  colors	  come	  from	  the	  
life-­vests	  worn	  by	  the	  rafters.	  This	  album	  includes	  several	  
group	  shots.	  
Figure	  5.17:	  P7	  grouped	  photos	  by	  trip,	  each	  spanning	  
multiple	  days.	  One	  album	  did	  not	  have	  date	  information	  
for	  all	  photos	  (lower	  middle	  album).	  The	  three	  clear	  
circles	  in	  that	  album	  are	  subalbums	  while	  the	  rest	  
represent	  photos.	  That	  particular	  album	  contains	  photos	  
from	  Spain	  and	  Italy.	  
The	  organization	  of	  the	  photographs	  also	  led	  to	  difJiculties	  (see	  Jigures	  5.14	  and	  5.15).	  Some	  submitted	  collections	  lacked	  organization.	  Where	  possible,	  these	  collections	  were	  sorted	  into	  albums	  by	  date.	  One	  collection	  lacked	  date	  information	  so	  we	  grouped	  the	  photos	  alphabetically.	  That	  participant	  reported	  using	  photo	  management	  software,	  known	  to	  erase	  associated	  metadata.	  She	  found	  this	  task	  particularly	  difJicult	  because	  she	  could	  not	  recognize	  the	  order	  of	  her	  collection.	  Further	  long	  term	  study	  is	  required	  to	  see	  if	  using	  a	  familiar	  organizational	  structure	  coupled	  with	  habitual	  use	  will	  alleviate	  this	  difJiculty.	  Figures	  5.16	  and	  5.17	  show	  two	  different	  collection	  organizational	  structures	  involving	  nested	  albums.
P11:	  “I	  found	  this	  task	  fairly	  difhicult,	  as	  I	  usually	  hind	  photos	  by	  date	  and	  it	  did	  not	  follow	  the	  date	  
arrangement	  of	  my	  photos.	  However,	  the	  color	  features	  were	  helpful.”
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Figure	  5.18:	  Photo	  Khipu	  Bubbles	  layout	  with	  four	  different	  background	  colors:	  black,	  dark	  grey,	  light	  grey,	  and	  white.	  
Black	  hides	  dark	  colored	  knots	  while	  white	  gives	  the	  visualization	  a	  “washed-­out”	  look.
Finally,	  color	  proved	  unreliable	  for	  Jinding	  a	  photo.	  Sometimes	  the	  knot	  color	  made	  sense,	  and	  other	  times	  it	  did	  not	  match	  expectations.	  Additionally,	  participants	  had	  trouble	  Jinding	  an	  image	  when	  the	  same	  color	  represented	  many	  photos.	  	  As	  a	  solution,	  participants	  requested	  the	  ability	  to	  pick	  a	  memorable	  color	  from	  an	  image	  and	  set	  it	  as	  the	  representative	  color.	  
P4:	  “It	  was	  rather	  difhicult	  for	  me,	  but	  I	  may	  just	  be	  dense…	  I	  tried	  to	  look	  for	  the	  dominant	  hue,	  but	  
there	  were	  quite	  a	  few	  of	  that	  same	  color,	  so	  I	  had	  trouble.	  I	  also	  tried	  searching	  chronologically,	  and	  I	  
had	  more	  success	  doing	  that.”
P10:	  “I	  could	  identify	  where	  it	  was	  taken,	  2	  out	  of	  3	  times,	  and	  subsequently	  move	  to	  that	  album,	  but	  
with	  not	  the	  most	  memorable	  hue	  represented,	  it	  was	  difhicult	  to	  hind	  the	  photo.”
Surprisingly	  EasySome	  of	  the	  participants	  found	  this	  task	  “surprisingly”	  easy.	  In	  these	  cases	  the	  collection	  organization	  and	  representative	  color	  matched	  expectations.	  
P5:	  	  “It	  was	  easier	  than	  I	  thought.	  I	  hirst	  found	  the	  album	  then	  looked	  for	  the	  picture	  based	  on	  the	  size	  
of	  the	  dot	  because	  that	  corresponded	  to	  the	  #	  of	  the	  people	  in	  the	  picture.	  Then	  I	  quickly	  used	  the	  
mouse	  to	  scan	  the	  dots.”
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Figure	  5.19:	  Likert	  scale	  results	  from	  the	  questionnaire.	  
P7:	  “It	  was	  easier	  that	  I	  expected	  it	  to	  be.	  I	  hirst	  narrowed	  down	  that	  it	  wasn't	  on	  a	  vacation	  (since	  my	  
cat	  was	  in	  it)	  which	  right	  away	  narrowed	  it	  down	  to	  2	  albums,	  and	  I	  chose	  Christmas	  since	  I	  had	  a	  
sweater	  on,	  and	  the	  picture	  was	  there.”
P3:	  	  “I	  thought	  this	  was	  fairly	  easy.	  I	  knew	  which	  photo	  it	  was,	  and	  luckily	  I	  remembered	  when	  the	  
photo	  took	  place.	  I	  chose	  the	  linear	  layout,	  because	  I	  found	  that	  the	  most	  easy	  to	  use	  when	  searching	  
for	  a	  specihic	  time.	  I	  checked	  every	  few	  albums	  or	  so	  to	  see	  where	  in	  time	  I	  was	  at,	  and	  then	  found	  the	  
summer	  I	  was	  looking	  for,	  and	  used	  the	  knot	  color	  to	  guess	  which	  photo	  it	  was.	  ”	  Although,	  the	  participants	  identiJied	  the	  task	  as	  “easy”,	  they	  describe	  a	  fairly	  complex	  process.	  The	  general	  task	  of	  goal-­‐directed	  browsing	  includes	  identifying	  the	  photo	  and	  its	  likely	  location	  in	  the	  collection.	  	  While	  the	  visualization	  showed	  textual	  information	  about	  an	  album	  including	  speciJic	  date,	  participants	  often	  used	  the	  thumbnails	  to	  identify	  where	  they	  were	  in	  the	  collection.	  They	  used	  their	  personal	  history	  and	  relative	  timeline	  to	  perform	  the	  search.	  The	  addition	  of	  date	  or	  simply	  year	  markers	  may	  make	  this	  task	  easier.	  However,	  Jinding	  a	  suitable	  location	  of	  these	  markers	  may	  prove	  difJicult	  in	  the	  compact	  Bubbles	  layout.	  An	  alternative	  approach	  might	  use	  a	  grey-­‐scale	  to	  separate	  albums	  in	  different	  years.	  However,	  background	  color	  affects	  the	  perceived	  color	  of	  the	  knot	  (see	  Jigure	  5.18).	  Variations	  in	  background	  color	  across	  albums	  may	  have	  undesirable	  effects.	  To	  complete	  this	  task,	  participants	  favored	  the	  Bubble	  and	  Linear	  layouts.	  They	  chose	  the	  Bubbles	  layout	  for	  its	  compactness	  and	  ease	  of	  access	  to	  the	  whole	  collection.	  However,	  some	  chose	  the	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Figure	  5.20:	  Both	  collections	  from	  P8	  and	  P9	  had	  a	  similar	  number	  of	  albums.	  P8	  included	  some	  albums	  
that	  consisted	  of	  multiple	  days.	  In	  contrast,	  P9	  often	  only	  took	  one	  photo	  each	  day.	  	  The	  compact	  Bubbles	  
layout	  allowed	  for	  easy	  “hlipping”	  through	  the	  photos,	  but	  made	  following	  a	  timeline	  more	  difhicult.	  
Linear	  layout	  for	  easier	  time-­‐based	  search.	  Participants	  rarely	  used	  the	  Radial,	  Circles,	  and	  Rings	  layouts..	  There	  are	  two	  possible	  reasons	  for	  this.	  Those	  three	  layouts	  compromise	  between	  linearity	  and	  compactness.	  Since	  participants	  had	  a	  choice	  between	  layouts,	  they	  simply	  chose	  the	  one	  that	  best	  met	  their	  needs.	  Alternatively,	  participants	  may	  not	  have	  bothered	  with	  the	  circular	  layouts	  because	  Photo	  Khipu	  listed	  the	  Bubbles	  and	  Linear	  layouts	  Jirst.	  
Impressions	  of	  Photo	  KhipuParticipants	  found	  Photo	  Khipu	  to	  be	  both	  attractive	  and	  interesting	  (see	  Jigure	  5.19).	  Although	  some	  participants	  had	  difJiculty	  during	  the	  goal-­‐directed	  search	  task,	  most	  participants	  responded	  positively	  to	  Photo	  Khipu	  and	  expressed	  interest	  in	  future	  use.	  
Compared	  to	  Current	  PracticeOverall	  compared	  to	  their	  current	  photo	  management	  and	  sharing	  tools,	  participants	  said	  that	  Photo	  Khipu	  made	  viewing	  all	  photos	  at	  once	  easier.	  
P3:	  “It	  made	  it	  more	  organized	  and	  easier	  to	  hind	  pictures.	  Normally	  I	  try	  to	  name	  my	  folders	  specihic	  
names	  to	  make	  organization	  on	  my	  computer	  easier	  -­	  but	  if	  I	  import	  directly	  from	  my	  camera,	  that	  
doesn't	  usually	  happen,	  which	  makes	  hinding	  photos	  difhicult.	  (This	  is	  why	  I	  use	  Facebook	  albums,	  
because	  it's	  often	  easier	  to	  search	  on	  there.)	  Khipu	  helped	  with	  the	  organization,	  and	  I'd	  be	  happy	  to	  
use	  that	  instead	  of	  Facebook.”
P4:	  “For	  one,	  it's	  much	  more	  conceptual,	  abstract	  than	  the	  bare	  iPhoto	  layout.	  It	  offers	  more,	  let's	  say,	  
comprehendible,	  comprehensive	  view	  of	  my	  entire	  photo	  collection,	  while	  still	  allowing	  individual	  
photos	  to	  be	  enjoyed.”
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Figure	  5.21:	  P4’s	  collection	  consisted	  largely	  of	  particular	  events	  such	  as	  holidays	  or	  travel.	  Two	  albums	  contained	  
over	  100	  photos	  -­	  a	  trip	  to	  Jerusalem	  and	  his	  own	  wedding.	  (These	  are	  highlighted	  by	  the	  black	  bars	  for	  visibility)
The	  spacing	  and	  large	  albums	  made	  this	  collection	  more	  difhicult	  to	  view	  as	  a	  whole	  in	  the	  linear	  layout.	  
P5:	  “Usually	  I	  use	  a	  slideshow	  format	  to	  check	  out	  pictures.	  This	  allowed	  me	  to	  just	  "hlip"	  through	  them	  
easier.”The	  use	  of	  the	  word	  “Jlip”	  is	  reminiscent	  of	  viewing	  photos	  in	  an	  album.	  It	  illustrates	  the	  ability	  to	  quickly	  skip	  around	  the	  collection	  and	  jump	  to	  any	  photo,	  one	  of	  the	  goals	  of	  a	  metaphotograph.	  The	  Bubbles	  layout	  made	  “Jlipping”	  through	  the	  photos	  particularly	  easy	  (see	  Jigure	  5.20).	  The	  comments	  also	  reJlected	  our	  goal	  of	  creating	  a	  visually	  appealing	  object.	  
P9:	  “The	  same	  but	  prettier.”
P10:	  	  “It's	  more	  artistic,	  and	  graphical	  user	  related	  as	  opposed	  to	  just	  a	  hile	  directory.”Not	  all	  responses	  were	  positive.	  One	  participant	  mentioned	  that	  she	  prefers	  her	  current	  method	  of	  viewing	  her	  collection	  in	  the	  Windows	  Jile	  system	  because	  she	  prefers	  to	  scan	  through	  the	  thumbnails.	  	  She	  stated,	  “I	  was	  still	  unsure	  of	  what	  was	  in	  each	  album	  based	  on	  size	  of	  orbs	  and	  color.”	  Another	  found	  that	  while	  Photo	  Khipu	  is	  “very	  interesting	  and	  attractive,”	  the	  visual	  representation	  is	  less	  intuitive	  than	  her	  current	  practices.	  
Preferred	  LayoutFrom	  our	  experience	  with	  the	  Jirst	  prototype,	  we	  hypothesized	  that	  the	  Linear	  layout	  would	  be	  more	  intuitive	  than	  the	  Radial	  layout,	  but	  the	  Radial	  layout	  would	  be	  more	  attractive.	  Participants	  agreed	  that	  the	  Linear	  layout	  is	  most	  intuitive;	  however	  they	  disagreed	  about	  its	  ease	  of	  use.	  	  For	  some	  its	  intuitiveness	  made	  it	  easy	  to	  use;	  for	  others	  it	  required	  too	  much	  scrolling	  to	  see	  the	  entire	  collection	  (see	  Jigure	  5.21).	  Some	  participants	  preferred	  the	  Radial	  layout	  precisely	  because	  it	  brought	  the	  photos	  into	  a	  condensed	  area	  for	  browsing.	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Figure	  5.22:	  P10	  submitted	  a	  collection	  of	  landscape	  photos	  from	  various	  locations.	  False	  positives	  in	  the	  face	  detection	  
algorithms	  account	  for	  the	  differences	  in	  knot	  size.	  Notice	  the	  predominant	  neutral	  tones.	  The	  rings	  layout	  (on	  the	  right)	  
for	  the	  same	  collection	  best	  shows	  the	  hlow	  of	  colors	  in	  each	  album.	  Overlapping	  and	  equal	  sized	  photos	  allow	  the	  user	  to	  
scroll	  through	  the	  collection	  with	  little	  physical	  movement.	  
P7:	  “I	  prefer	  linear	  for	  a	  few	  photos,	  but	  radial	  for	  a	  lot	  of	  photos,	  it's	  easy	  to	  scroll	  around	  a	  circle	  I	  
think,	  and	  it	  keeps	  the	  photos	  more	  bunched	  together,	  lots	  of	  photos	  in	  a	  line,	  make	  a	  REALLY	  long	  
line.	  Radial	  is	  prettier	  but	  can	  seem	  disorganized	  too.	  Linear	  is	  very	  straight	  forward.”
P4:	  “Radial	  is	  easier	  to	  use	  if	  only	  because	  the	  chronological	  "scaling"	  is	  more	  accessible	  if	  organized/
contained	  around	  a	  central	  object.	  Linear	  is	  more	  visually	  pleasing	  and	  more	  intriguing	  in	  a	  way,	  
mainly	  because	  it	  is	  so	  innovative	  and	  satisfyingly	  geometric.”	  The	  participants	  were	  divided	  over	  which	  of	  the	  two	  layouts	  is	  more	  attractive.	  	  They	  made	  it	  clear	  that	  clutter	  in	  any	  of	  the	  visualizations	  is	  unappealing.	  This	  particular	  problem	  afJlicted	  	  the	  Radial	  layout	  because	  occlusion	  occurred	  where	  the	  albums	  met	  at	  the	  circle.
P3:	  “Linear	  was	  a	  lot	  easier	  to	  use.	  The	  starting	  point	  was	  (obviously)	  easier	  to	  hind,	  and	  the	  photos	  
weren't	  clustered	  together	  like	  they	  were	  in	  radial.	  It	  was	  hard	  for	  me	  to	  select	  or	  look	  at	  specihic	  
photos	  in	  the	  radial	  format.”	  This	  clustering	  in	  the	  Radial	  layout	  occurred	  as	  a	  result	  of	  spacing	  the	  albums	  by	  temporal	  distance.	  This	  suggests	  that	  spacing	  the	  albums	  evenly	  may	  be	  a	  more	  appropriate	  design	  choice.Two	  layouts	  proved	  the	  most	  popular:	  Linear	  and	  Bubbles.	  Some	  participants	  indicated	  that	  these	  two	  layouts	  are	  complimentary	  and	  would	  prefer	  to	  have	  access	  to	  both	  layouts.	  The	  Linear	  layout	  is	  intuitive	  and	  clearly	  shows	  the	  timeline	  of	  the	  photo	  collection.	  	  This	  layout	  also	  preserves	  the	  linear	  nature	  of	  photographs	  within	  an	  album.	  As	  a	  result,	  accessing	  photos	  requires	  both	  horizontal	  and	  58
Figure	  5.24:	  Zoomed-­in	  view	  of	  the	  Khipu	  shown	  in	  higure	  5.23.	  This	  section	  shows	  the	  months	  of	  October,	  November	  and	  
December.	  Specihic	  clusters	  of	  photo	  activity	  occur	  around	  the	  holidays	  of	  Thanksgiving	  and	  Christmas.	  
Figure	  5.23:	  A	  zoomed-­out	  view	  of	  a	  photo	  collection	  that	  spans	  three	  years.	  The	  collection	  is	  sparse	  with	  bursts	  of	  photo	  
activity.	  	  It	  is	  also	  so	  small,	  it	  is	  difhicult	  to	  see.
vertical	  scrolling,	  adding	  an	  additional	  step	  while	  browsing	  the	  collection.	  The	  Bubbles	  layout	  addresses	  this	  issue	  by	  presenting	  a	  more	  compact	  view	  of	  the	  visualization,	  at	  the	  expense	  of	  linearity.	  The	  Bubbles	  layout	  preserves	  temporal	  order,	  but	  the	  spiral	  timeline	  is	  less	  intuitive	  than	  a	  linear	  one.	  
The	  Role	  of	  ColorDuring	  the	  study,	  the	  participants	  could	  change	  the	  color	  scheme	  of	  the	  visualization	  in	  three	  different	  ways:	  Natural,	  Bright,	  and	  Average.	  The	  Natural	  scheme	  used	  a	  color	  directly	  from	  the	  photo	  (see	  Jigure	  5.22).	  	  Bright	  took	  a	  prominent	  color	  from	  the	  image	  and	  mapped	  it	  to	  its	  corresponding	  value	  in	  the	  color	  map.	  	  The	  Average	  scheme	  applied	  the	  color	  map	  to	  the	  blended	  average	  of	  colors	  from	  the	  photo.	  These	  three	  different	  schemes	  vary	  in	  how	  accurately	  the	  photo	  is	  represented	  and	  visual	  consistency	  maintained	  by	  the	  visualization.	  Participants	  unanimously	  preferred	  color	  to	  accurately	  represent	  an	  image.	  Visual	  consistency	  was	  deemed	  unimportant	  and	  undesired.	  One	  participant	  did	  mentioned	  that	  she	  enjoyed	  being	  able	  to	  change	  the	  color	  scheme.	  Some	  wanted	  color	  to	  represent	  tags.	  Others	  wanted	  the	  option	  to	  hand-­‐select	  a	  more	  meaningful	  color	  from	  the	  image.	  A	  metaphotograph	  should	  tell	  the	  story	  hidden	  in	  a	  photo	  collection	  by	  making	  patterns	  salient.	  In	  order	  to	  assess	  this,	  we	  asked	  participants	  about	  the	  role	  color	  played	  in	  discovering	  patterns	  in	  
59
Where	  the	  photos	  were	  taken
Who	  is	  in	  the	  photos
Time
Favorite	  Photos
Number	  of	  People
Tags
Collection	  Size
Dominant	  Photo	  Color
Captions
Album	  Size
Photography	  info
Who	  took	  the	  photos
0 2 5 7 9
Figure	  5.25:	  Number	  of	  participants	  who	  deemed	  important	  each	  aspect	  of	  a	  photo	  collection.	  Participants	  agreed	  that	  
geo-­tags,	  people-­tags,	  timestamps,	  favorite	  photo	  hlags	  (or	  “stars”)	  and	  number	  of	  people	  in	  each	  photo	  are	  important	  
metadata	  to	  visualize.
their	  photo	  collections.	  	  Most	  participants	  did	  not	  report	  noticing	  any	  such	  patterns	  across	  the	  visualization.	  
P8:	  “I	  didn't	  see	  patterns	  in	  colors,	  but	  did	  enjoy	  seeing	  the	  colors	  arranged	  that	  way.”
P5:	  “I	  liked	  changing	  the	  colors	  of	  the	  dots,	  but	  I	  didn't	  learn	  anything	  interesting	  about	  my	  photos.”However,	  the	  visualization	  prompted	  users	  to	  open	  a	  photo	  in	  order	  to	  Jind	  that	  color	  within	  the	  image.	  In	  that	  way	  color	  did	  act	  as	  a	  catalyst	  for	  browsing.	  Representative	  color	  brought	  attention	  to	  particular	  colors	  in	  an	  image	  such	  as	  background	  colors	  or	  common	  landscape	  colors.
P11:	  “Showed	  me	  info	  about	  photo	  w/o	  having	  to	  click.	  I	  saw	  patterns	  between	  more	  natural	  setting	  
compared	  to	  photos	  w/	  many	  people.”For	  goal-­‐directed	  browsing,	  colors	  served	  as	  visual	  landmarks	  by	  differentiating	  photos	  in	  the	  visualization.	  For	  this	  reason,	  color	  should	  be	  closely	  related	  to	  the	  photo.	  Participants	  strongly	  preferred	  the	  “natural”	  color	  setting,	  and	  expressed	  disappointment	  when	  colors	  did	  not	  match	  their	  expectations.	  
P6:	  “Knot	  color	  showed	  me	  the	  colors	  in	  my	  photos	  that	  the	  computer	  program	  focuses	  on,	  not	  
necessarily	  the	  colors	  that	  I	  would	  focus	  on.	  I	  like	  the	  natural	  colors	  the	  best	  because	  they	  are	  more	  
closely	  related	  to	  my	  photos.”
P7:	  “It	  would	  sometimes	  show	  the	  color	  in	  the	  image.	  I	  preferred	  natural.	  I	  think	  it	  was	  useful	  to	  have	  
different	  colored	  images	  purely	  for	  differentiating	  between	  2	  photos.	  This	  might	  be	  useful	  in	  choosing	  
a	  background	  color	  for	  scrapbooking.”This	  suggests	  a	  need	  to	  better	  understand	  memorable	  colors	  in	  an	  image	  to	  optimize	  automatic	  detection.	  Alternatively,	  perhaps	  a	  simpliJied	  color	  spectrum	  of	  an	  image	  should	  be	  used	  instead.	  
Discovery	  In	  addition	  to	  color-­‐based	  patterns,	  participants	  were	  asked	  what,	  if	  anything,	  they	  learned	  from	  the	  visualization	  as	  a	  whole.	  	  Three	  people	  felt	  that	  Photo	  Khipu	  did	  not	  add	  to	  their	  understanding	  of	  their	  collection.	  Others	  felt	  that	  it	  did	  help	  them	  understand	  their	  collection	  better,	  but	  did	  not	  necessarily	  highlight	  interesting	  patterns.	  Participants	  mentioned	  that	  Photo	  Khipu	  gave	  them	  a	  better	  understanding	  of	  temporal	  distance	  and	  relative	  album	  size	  (see	  Jigures	  5.23	  and	  5.24).
P4:	  “Most	  obviously,	  I	  noted	  the	  relative	  size	  of	  some	  collections,	  as	  well	  as	  the	  chronological	  
separation	  of	  each	  photo.	  I	  found	  this	  fascinating.	  I	  didn't	  necessarily	  notice	  any	  new	  patterns	  though.”
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P3:	  “I	  hadn't	  realized	  how	  far	  apart	  (timewise)	  some	  of	  my	  albums	  were,	  or	  how	  few	  I	  had	  in	  an	  album.	  
I	  found	  that	  I	  liked	  to	  take	  pictures	  of	  people	  and	  I	  had	  a	  lot	  of	  posed	  pictures,	  instead	  of	  candid.”
Interest	  in	  future	  useOverall,	  participants	  responded	  positively	  to	  Photo	  Khipu.	  Nine	  participants	  expressed	  interest	  in	  using	  Photo	  Khipu	  in	  the	  future.	  Of	  the	  two	  who	  did	  not,	  one	  reported	  being	  satisJied	  with	  her	  current	  tools.	  This	  participant	  had	  reported	  viewing	  her	  photos	  “very	  often”.	  The	  other	  expressed	  greater	  concern	  for	  keeping	  her	  photos	  stored	  in	  one	  central	  location	  and	  disillusionment	  with	  photo	  tools.	  Those	  who	  responded	  positively	  also	  described	  how	  they	  envisioned	  using	  Photo	  Khipu.	  
P5:	  “Yes.	  It	  would	  be	  cool	  as	  a	  wallpaper	  on	  my	  desktop	  that	  I	  could	  hiddle	  with	  when	  I	  was	  bored.”
P7:	  “I	  think	  I	  would	  actually.	  It's	  a	  nicer	  way	  to	  organize	  photos	  on	  a	  computer	  than	  straight	  folders.	  I	  
would	  like	  the	  option	  of	  a	  "slide	  show"	  showing	  of	  3-­5	  photos	  at	  a	  time	  grouped	  by	  album…	  to	  show	  off	  
photos	  to	  family	  and	  friends.”
P8:	  “I	  think	  it	  would	  be	  nice	  to	  have	  to	  look	  at	  (pretty!)	  or	  play	  with	  sometimes.”
P11:	  “Yes,	  I	  think	  this	  visualization	  is	  innovative	  &	  interesting.	  After	  some	  practice,	  it	  would	  be	  easy	  to	  
use.”
Important	  Aspects	  of	  Photo	  CollectionsThe	  survey	  asked	  participants	  about	  what	  aspects	  of	  their	  photo	  collection	  they	  think	  are	  important	  and	  should	  be	  included	  in	  a	  metaphotograph	  (see	  Jigure	  5.25).	  Of	  the	  thirteen	  suggestions,	  each	  participant	  selected	  approximately	  seven	  that	  she	  thought	  were	  important.	  Participants	  agreed	  strongly	  on	  Jive	  aspects:	  location	  of	  capture,	  date	  of	  capture,	  who	  is	  in	  the	  photos,	  favorite	  photos	  and	  number	  of	  people	  in	  the	  photos	  (the	  social	  factor).	  	  They	  disagreed	  about	  the	  other	  two	  aspects.	  At	  least	  half	  of	  the	  participants	  valued	  tags,	  captions,	  collection	  size,	  album	  size,	  and	  dominant	  photo	  color.	  	  
Suggested	  ImprovementsThroughout	  the	  study,	  participants	  requested	  the	  following	  improvements:	  support	  for	  additional	  metadata	  and	  search,	  changes	  to	  the	  visual	  design	  and	  customizability.	  
MetadataWe	  designed	  our	  prototypes	  to	  only	  handle	  basic	  metadata	  in	  order	  to	  focus	  on	  the	  essentials	  of	  a	  metaphotograph.	  We	  anticipated	  that	  the	  visualization	  could	  then	  be	  enhanced	  by	  richer	  kinds	  of	  metadata.	  The	  participants	  agreed.	  However,	  as	  Jigure	  5.25	  suggests,	  they	  did	  not	  always	  agree	  on	  61
what	  kind	  of	  metadata	  to	  include.	  	  Of	  the	  Jive	  aspects	  requested	  most,	  Photo	  Khipu	  included	  two	  in	  its	  visualizations:	  date	  of	  capture	  and	  number	  of	  people.	  Of	  the	  other	  three,	  location	  and	  people	  tags	  would	  add	  signiJicant	  details	  to	  the	  story	  within	  the	  collection,	  and	  prompt	  other	  visual	  designs.	  
P4:	  “I	  think	  it	  would	  be	  interesting	  if	  the	  geographic/spatial	  spectrum	  of	  the	  photo	  collection	  would	  be	  
represented	  as	  seamlessly	  as	  Photo	  Khipu	  represents	  chronological	  separation.”Finally,	  participants	  agreed	  that	  they	  wanted	  favorite	  photos	  to	  stand	  out	  in	  the	  visualization	  for	  rapid	  browsing.	  In	  addition	  to	  those	  core	  metadata	  types,	  participants	  requested	  support	  for	  tags,	  titles	  and	  captions	  in	  addition	  to	  better	  choice	  of	  representative	  color.	  SearchParticipants	  requested	  search	  features	  that	  would	  Jilter	  the	  visualization	  based	  on	  certain	  metadata.	  This	  would	  both	  focus	  browsing	  and	  aid	  goal-­‐related	  search.	  One	  participant	  speciJically	  requested	  a	  color	  chart	  as	  a	  search	  tool	  for	  Jinding	  photos	  with	  a	  speciJic	  color.	  	  Another	  wanted	  to	  Jilter	  the	  collection	  by	  tag:
P2:	  “With	  many	  many	  groupings	  the	  space	  could	  become	  clogged	  if	  there	  is	  a	  way	  to	  place	  tag	  hilters	  
on	  the	  albums	  so	  when	  browsing	  that	  it	  limits	  the	  non-­needed	  albums	  would	  be	  very	  helpful.”Search	  would	  also	  provide	  an	  avenue	  for	  discovering	  metadata	  speciJic	  patterns.	  By	  supporting	  facial	  recognition	  and	  people-­‐based	  search	  the	  visualization	  would	  highlight	  social	  tides.	  As	  friends	  come	  and	  go	  social	  ties	  evolve.	  This	  evolution	  is	  part	  of	  a	  person’s	  life	  story.	  
Visual	  DesignA	  couple	  participants	  suggested	  improvements	  to	  the	  visualization	  itself.	  One	  felt	  that	  the	  connecting	  lines	  between	  albums	  was	  too	  light	  and	  made	  it	  difJicult	  to	  follow	  the	  progression	  of	  time	  in	  the	  Bubbles	  layout.	  Another	  thought	  that	  a	  “frame”	  should	  surround	  each	  photo	  separating	  it	  visually	  from	  the	  collection.
P4:	  “Offset	  the	  individual	  photos	  more…	  against	  a	  diffuse,	  white	  background,	  possibly	  with	  a	  border	  
(matte)?”
CustomizabilityMany	  participants	  made	  suggestions	  that	  indicated	  a	  need	  for	  customizability.	  Some	  wanted	  knot	  size	  to	  indicate	  photo	  signiJicance;	  others	  wanted	  to	  make	  all	  knots	  the	  same	  size.	  They	  often	  wanted	  to	  be	  able	  to	  choose	  which	  color	  represented	  the	  image.	  One	  speciJically	  requested	  a	  color	  dropper	  tool	  to	  let	  the	  user	  “grab”	  the	  memorable	  color	  from	  the	  image.	  
5.2.3	  DISCUSSION
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In	  running	  this	  study,	  we	  wanted	  to	  determine	  the	  utility	  and	  interest	  in	  seeing	  the	  structure	  of	  a	  photo	  collection,	  identify	  useful	  and	  aesthetic	  layouts,	  and	  discover	  the	  best	  use	  of	  color	  in	  a	  metaphotograph.	  We	  found	  that	  our	  visual	  representation	  of	  a	  collection	  allowed	  users	  to	  easily	  “Jlip”	  through	  their	  photos,	  thereby	  improving	  access	  to	  photos	  across	  the	  collection.	  Users	  particularly	  enjoyed	  this	  ability	  and	  showed	  interest	  in	  using	  Photo	  Khipu	  to	  play	  with	  and	  explore	  their	  collections.	  	  	  Most	  users	  favored	  both	  the	  Linear	  and	  Bubble	  layouts,	  preferring	  to	  switch	  between	  them.	  The	  Linear	  layout	  was	  most	  intuitive,	  but	  required	  excessive	  scrolling	  to	  access	  the	  collection.	  Alternatively,	  	  some	  participants	  preferred	  the	  compact	  Bubble	  layout.	  We	  designed	  the	  Linear	  layout	  to	  provide	  a	  realistic	  sense	  of	  the	  passage	  of	  time	  within	  the	  collection.	  Allowing	  this	  to	  collapse	  would	  lessen	  the	  amount	  of	  scrolling	  required.	  Participants	  often	  requested	  the	  ability	  to	  tweak	  the	  representative	  color	  for	  an	  individual	  photo.	  This	  would	  allow	  users	  to	  set	  the	  most	  memorable	  and	  meaningful	  color.	  When	  looking	  for	  a	  photo,	  participants	  sometimes	  visually	  searched	  for	  the	  dominant	  color	  in	  an	  image.	  However,	  they	  often	  searched	  for	  memorable	  colors	  such	  as	  the	  color	  of	  a	  t-­‐shirt.	  	  Meaningful	  colors	  depend	  on	  context.	  One	  participant	  expected	  team	  colors	  to	  represent	  photos	  from	  a	  sporting	  event.	  The	  ability	  to	  choose	  colors	  allows	  individuals	  to	  have	  more	  control	  over	  the	  visual	  display	  of	  their	  collections.	  
Metaphotograph	  Design	  Guidelines:
MetadataPeople	  want	  to	  see	  the	  story	  of	  their	  photo	  collection	  represented	  in	  terms	  of	  changes	  in	  time,	  location,	  social	  magnitude,	  and	  social	  tides.	  A	  metaphotograph	  should	  synthesize	  these	  dimensions.It	  should	  also	  highlight	  favorite	  photos	  in	  the	  collection	  and	  support	  labeling	  practices	  such	  as	  tagging	  or	  adding	  captions.	  
AccessA	  metaphotograph	  should	  provide	  easy	  access	  to	  the	  photos,	  allowing	  a	  person	  to	  “Jlip	  through”	  their	  collection.	  Linear	  time-­‐based	  visualizations	  are	  intuitive,	  but	  may	  require	  excessive	  scrolling.	  A	  more	  compact	  view	  shows	  photos	  from	  across	  the	  collection	  at	  once.	  A	  metaphotograph	  should	  Jind	  a	  balance	  between	  these	  two	  options.	  This	  could	  be	  done	  by	  either	  animating	  between	  two	  views	  or	  using	  semantic	  zoom	  techniques.	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CustomizationNo	  two	  photo	  collections	  are	  the	  same.	  Each	  reJlects	  individual	  lifestyles	  both	  in	  the	  cadence	  of	  a	  person’s	  photo	  taking	  habits	  and	  his	  preferred	  organizational	  structure	  (or	  lack	  thereof).	  A	  metaphotograph	  should	  reJlect	  those	  differences	  and	  the	  tastes	  of	  the	  collection	  owner.	  People	  want	  control	  over	  the	  look	  and	  feel	  of	  their	  collections.	  This	  includes	  supporting	  various	  kinds	  of	  metadata	  and	  allowing	  the	  user	  to	  choose	  what	  he	  wants	  to	  visualize.	  Use	  color	  to	  not	  only	  reJlect	  the	  content	  of	  the	  image,	  but	  to	  serve	  as	  a	  memorable	  marker	  for	  search	  and	  retrieval.	  This	  may	  require	  allowing	  the	  user	  to	  change	  the	  representative	  color	  for	  a	  particular	  photo,	  or	  use	  color	  to	  represent	  certain	  tags.	  Many	  people	  desire	  to	  control	  the	  presentation	  and	  layout	  of	  their	  photo	  collection.	  A	  metaphotograph	  should	  allow	  a	  person	  to	  leverage	  metadata	  to	  compose	  and	  present	  the	  unique	  story	  in	  their	  collection.
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CHAPTER 6: FUTURE WORK 
Both the community study and the personalized study were too short to be conclusive. Further investigation should involve a long term study in a public space with community photographs, as well as a private home study the course of a month or two.  In the case of the community display, a longer study would give more time for the community to interact with the display and observe any impact. For the personalized study, we would be able to discern if the visualization is valuable for long term use and interest extends beyond novelty. Additionally, integration with online photo sharing services may lead to new forms of phototalk.  Further work should also include use of the visualization as an heirloom that maintains and displays family history. This work should include associating photos with individuals and showing connections between family members. Not only can photos document an individual’s life over time, but they also portray their unique perspective. The challenge is then to weave these individual perspectives to show the connections and perspectives of a group.  Our study identified potential roadblocks to goal-directed browsing such as collection organization and intuitive color choice. However, it is still unclear if ability to search will scale well with significantly larger collections. A metaphotograph may need a way to quickly limit the search space to a particular subset of the collection. This can be accomplished with semantic zoom techniques. Additionally, by using semantic zoom techniques, large knots could be replaced by sections of each image (see figure 6.1). This will likely improve browsing and goal-directed search.  We found that a single color can be used to search for and find a photo. However, this color must match a user’s expectations for that image. A better understanding of what colors in an image are most likely to be memorable could be used to better automate color selection from the photo. Additionally, adding a color dropper tool to select meaningful colors should be added to the visualization. This could also lead to a system of color-based tagging.  Also, focus on a single color may not be ideal. Further work should compare the usability and aesthetics of a single color representation in comparison to representations that show the color spectrum or “peak” colors of an image (Viégas & Wattenberg, 2010). 
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People want to be in control of the presentation of their photo collections. Further work should explore the use of a tool that allows for the easy creation of custom metaphotographs. Users should be able to edit the visual design and decide which albums or photos to include. This tool should provide various layouts to best show time and location, as well as compact ones for easy browsing. Background color should be customizable and the user should be able to change the color of individual knots. A handful of preset “themes” would allow the user to control the process with minimal effort. By enabling a person to create their own metaphotographs, the tool would not only give them creative control, but can cater to the intricacies of each collection.          
Figure 6.1: Mockup where knots serve as windows to different photos when viewing 
a single album.  
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CHAPTER 7: CONCLUSION 
Photographs tell stories. Juxtaposed photos add details to that story, giving it plot. A photo collection itself holds patterns that correspond to various life events. Combined these patterns tell the stories of individuals, families and communities. Metaphotographs capture this larger story within the collection by comprising individual photos to form a picture of the whole. At the same time, metaphotographs give context to the individual photos. In order to become a meaningful object in the home, the metaphotograph must have the qualities of an aesthetic object: it must be well made, visually pleasing, and stimulating.  We proposed a metaphotograph, Photo Khipu, that abstracts images to make collection patterns salient. In doing so, it provides access to photos across the collection, allowing users to “flip” through their collection as they would a physical photo album. This improves the browsability of large collections. We discussed the design evolution of Photo Khipu and present design guidelines for metaphotographs. But, ultimately we found that people want to control the representation of themselves through the collection, as they control the content and display of their photographs. This indicates a need to support creating and editing metaphotographs. A “metacamera” will allow people to actively explore their personal history recorded in their photo collections paving the way for new forms of photo sharing and display.  
APPENDIX A: QUESTIONNAIRE  
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Participant #: 
 
Age Range:        18-24          25-35          36-54         55+ 
 
 
               Gender:    Male     Female
General Questions 
1. What photo management tools do you currently 
use? 
 ACDSee 
 Directories 
 Flickr 
 iPhoto 
 Picassa 
 Tagging 
 Other _________________________________ 
3. What photo editing tools do you currently  
use? 
 
The GIMP 
  
  Lighthouse 
  
  Photoshop 
  
  Other_____________________________ 
2. What photo sharing tools do you currently use? 
 Blog 
 Digital Photo Frames 
 DropShots 
 Email 
 Facebook 
 Flickr 
 Fotki 
 Kodak Gallary 
 Photo Bucket 
 Picassa 
 Shutterfly 
 Slideshows 
 SmugMug 
 Snapfish 
 TinyPic 
 Webshots 
 Other _________________________________ 
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4. How does Photo Khipu compare to the way you normally view/share your photo collection? 
 
 
 
 
5. How often do you look at your photo collection and why? (ie. looking for a particular photo or just to 
reminisce?) 
 
 
  
 
 
Visualization Questions 
Instructions: for each pair of adjectives, place a cross at the point between them that reflects the extent to 
which you believe the adjectives describe Photo Khipu. You should place only one cross on each line. 
 
Unattractive 
 
   Attractive 
   Unintuitive 
 
   Intuitive 
   Boring 
 
   Interesting 
   Hard to Search 
 
   Easy to Search 
   Unnecessary 
 
    Useful 
 
 
Consider the two arrangements of the visualization: linear and radial. Which of the two arrangements is the 
easiest to use? Which one looks better? Describe why. 
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What did you learn about your collection as a whole from being able to see this visualization? Did you notice 
any patterns about individual albums or groups of albums? 
 
 
 
 
 
 
 
What did knot color tell you about your photos? Did you find any interesting patterns? What coloring for the 
khipu did you find most interesting? 
 
 
 
 
 
 
Check ALL of the following aspects of your photo collection that you think are important to include in a vi-
sualization. 
 Number of People in a photo 
 Size of Collection 
 Size of an Album/Group 
 Time 
 Tags 
 Dominant photo color 
 Average photo color 
 Who is in the photos 
 Where the photos were taken 
 Who took the photos 
 Photography information (focal point, f-stop, etc.) 
 Captions 
 Favorite photos 
 Other_______________________________________________________ 
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During the study, you were asked to find a particular photo.  Please comment on the process you used to 
find that photo and rate the difficulty of the task. 
 
 
 
 
 
Would you like to have this visualization or something like it for your photo collection? Are there other as-
pects of your photo collection that you would like to see in the visualization? 
 
 
 
 
 
 
 
Do you have any other recommendations for improving the visualization? 
  
72  
 
 
APPENDIX B: PHOTO TRANSITIONS  
Figure B.1: Moment-to-Moment transition. While in photocollections multiple photos minutes apart 
may simply mean the photographer was trying to capture the “perfect” photo, when viewed together 
these photos can seem to elongate the passage of time.  
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Figure B.2: Action-to-Action transistion. Each photo depicts a different action that when combined 
show the progression of the  plot.  
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Figure B.3: Subject-to-Subject transition. Each photo shows a different person. This kind of transition 
is common when the photographer moves around at an event taking pictures of all participants.  
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Figure B.4: Scene-to-Scene transition. The photos here were taken during a family holiday and show 
different co-occuring activities.  
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Figure B.5: Aspect-to-Aspect  transistion. This kind of transition shows different aspects of a scene or 
event and often convey a mood. 
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Figure B.6: Non-Sequitor  Even when images do not seem related, something gets communicated 
when they are placed side by side. These otherwise unrelated images are tied together by their 
relationoship to college life and a particular dormitory.  
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